THE FOOD OF THE SHORE FISHES OF CERTAIN 
WISCONSIN LAKES. :  : : ; By A. S. Pearse 


° 


From BULLETIN OF THE BUREAU OF FISHERIES, Volume XXXV, 1915-16 


Document Nov 8562.) se ese ie ieee es ee Owes eS Tssued: fanuary'9, F978 


PRICE, 10 CENTS 
Sold only by the Superintendent of Documents, Government Printing Office, Washington, D. C. 


WASHINGTON :°: ; : : : GOVERNMENT PRINTING OFFICH : : : 2 : : ¢ 3 2: 1918 


Morozrank 


U 


THE FOOD OF THE SHORE FISHES OF CERTAIN 
WISCONSIN LAKES ~: : : By A. S. Pearse 


From BULLETIN OF THE BUREAU OF FISHERIES, Volume XXXV, 1915-16 


Dacwment Now 5000s) es ss seats sc) se se issued January 79, 1078 


PRICE, 10 CENTS 


Sold only by the Superintendent of Documents, Government Printing Office, Washington, D. C. 


See SSS... 
————————————————————————————eeEEEEE 
WASHINGTON : : : : : : GOVERNMENT PRINTING OFFICE : : : : : : : : : : 1918 


D. of D. 
FEB 8 1918 


as 


> 
— bee 


40/192 


Om 


WL 
f 


Maks 


CONTENTS. 


lig Jot m Rosh AO TS a ome omangonoLak doeroD Mean aoe Dabedotn pa Code cUtGOUbd DOC OE OC Hcte Canmmaior 
Se Deseription! Of LOGS. rwrcre mys cisicia sais ives sO seihalarleiece ester eieleie ers sjsrsiareters ois; «1 ide ohe_s eve efelerorensy= 
Aibramisscrysoleicasy preamys golden) Shiner ve-ysyejcteresicpete > sialeleravereraleiicioreie cise sieeve) = siahstare 
AIMPIOPLIEes KUpPeStiis srOCK PASS ORL C- SVE. e arate) ofefaeiedel oy ataralaloneteecheleteiey fet r= elev=) stele = siete 
Ammeiirispimelastiplackepulinecadcne pean erwin trae rere cue ceicinel ova etree he eotuiaiesaiclsieeiees 
Amerurusinebulosus;speckled! billheadivin crise eine ie ey- ies = win aleielene ois icine cis e/elseicter stele 
Aumiatusiealwa sbOwstls: Stati ena, vcr tar-icteramere vec el avess steelers )=¥ oie erence aie eieceisieseaere se 
BoLeosomaripriir Olnmys darter eam sse- cee cise dene cio rieaiie ates sie oceans 
Catostomusicommersonicommonisuckern seman te aaa te ie i ee en eee 
Cothusictalopsmilier|s\thitm btenscns tr clare = eetel ot lele etka tees, etches seta eects terol tek 

Cy PLIMUS CAL PIO SCAT Dieta -feteraccy-forctetereyeyoleevate te cledete Teer ai ae Carsten yoda sista eters a seus ciara 

BSSO MPIC MIC KEKE epiasens eausyoete sat osc = lek ciSiagt aya ssvetee meat aesetastais ata sks Pek o easeracnee os 
Etheostomamnabellaretarn-tailedsdanten. ssc eieie tennis) ete rsisle vitici cic eicieeinncieidios ark 

BS theostomlanowe lo waGarten are ae silacictecrtettine eieteeree ie cia erie fen cata arethacin 
Eicaltaanconstatise Drook stickle back-eeeeiaeitels cisions siete store einicinci cre eimai aie 
Bitpomotis cib basis; pimp KInsee dean) jacicia erie aie terel tte ieee ieee neat) netstetste kee 
Fundulus diaphanus menona; menona top minnow...............-2-00eeeeeee eee eee 
Wapidesthesisicctliis i prookssilversid ese. jcae ecto ciiereieitieeiretoislcine ereieielerei oa ele steveroisrsreree 
Iepisostetts osseus; lOne-nNOSed i Pati crrjis seiaeeiis clei yais ciel oe ee sale cielo erties ort ae ree 
ILSy gros eapS\nboCCH OER |i aINb MKS Cem hs Aan enanosennooeeoobuer oa sdsorne onenenn ie sae 
Micropterus dolomieni;smallmotth black bass: ee... ceas sete eee ee sce seis eee 
Miucropterus\salmoides;largemorth) black ass’ ja -ciie oe oe eels © iain yee oe elves as 
INotropisie terodon SHINER oye srepereyareteystareyare ie letersi is eres tredeisistcls wie ic teste neice sreleaashsrs 
percanlavescens wy ello wsaperc ls crist tect meric eerie ister eerie aarti onelat-letesieete 
Percina caprodes; log-perch..... Lins Hi Ac Opra ten dots Aabae ane co vEaOMe mea A TG Oo55D 
Pimephales notatts; plutt- rose orm t1110 Wer ate «| steteiele fail e¥alaerels) «ia iaicieisisi stoves’ s = «iteracteer sie 
Pimephales promelas; blackhead minnow; fathead... .................-.0 eee eee eee 
POMORIS Spatold es aPlACKACKAp Plewaetre yarepaysrerstsatst eto aed iaieiey=| ising alee ey teeieley stare ae 
Roccusichrysopss Whitey asst, = acro.s siaraleterso slsieicjelele/es1¢.6 4) eiele sisiv/s/ars.a)s)sisieis/d)s)e\eve{evee s )cyeo4s 
WALMIGOMLIGEUS PAIN DOW? CLOUCs cars lereccis ele eioictstolejersso ere ts srelecaleveyehs sities ys) oheseyn ciel ere iste) eve sister 
Salwelanustontinalissbrookstro tesa ciryersine srevarcieucletereiehyelyal svobecta oie icverecisrecer carci lene aie 
Schilbeodes!gyrinmtss tadpole (Cat: cles <.e/n vere sralcyste sels ereceisis 1c ie 6, 5 /elete crete sie eteveiovesrsie/tieishe ee 
Stizostediongvitrenm | wall-eyvedopike jy cescf tie cieiyeis c= eels ae «cto el dleieisl terre clasts tee 
Uksrloygevlbiseh panos lereieeino\ AoE B eRe Sam CADE So aan Oore Ad sate Been dna Serpe aS AASK 

NT Roodsitiliz ed by GiShesiras sae te-ses caeis(ersitiersr exec ep ssmieinuess sievays io  tBlelarcia le ake fe eeess ais eye yoie se sieeeronstor sets 
Different/speciesiof dishes have specifie'food habitsy. ....-. 5+ -seerce ese s- sere eae 
ClassesfofitoodswutilizedubiystiSaes sec nieterey-reciet teeter atetatete vere ere fotaiesy- esta iveyet-tteletarane aretelsioeere 

NVA daptabilitys ont ooduhab its ca teste ates \cpersseparshoenay ater starerais rece exssepstol a vccvel- feet betcee gsc te taverarer opera 
Alternative FOOR Sa. xe soj5,sis:e: ots eyayesie stot sheys ie seat easios neta sys: eve,ayel vice iste eye) s <0) be ole eyeKele ae 


Variation\in' food atidifferent periodsiof the lifeieycles. os. 1.2.1 ie ss sess sees 
WVeelntittence of 100g on theselection of Habitatsh = -creamieocine sade oeie tae ricinrerreys cis alesis reacts 
VI. General considerations on the food of the shore fishes of lakes... 2... ........---5..22.... 


Bibliography 


y= ve a 


, ‘i grecmyy ORS 
. , ¥ 
i & 
» lou 
1" 
ie ‘ MM 
; = | }fiat i t 
yrya Hie ehelayye 
i sdvg ied eal 
ci 0 ’ io’ ] pte dane at 
' ! hen TOAl 
‘ 
: 
i rn 4 i-gvel 
q 
’ i P hay 
‘ i ——— 4- | 


i é 1 ‘a al és / 

n¢+é +¢¢ Aid 

i ‘: to Ad es i 

+ : hot wh Ae yee 

’ ' 4 a oe ayeOh 

‘ ot Sa = | 

| Pye Fu Peas sibpae Ct 

i eitié ih i ~ortuey temberunrt 

lijfhgd Sait pati igeagh y aaa! 
mal ofuly, <7 | 4 

fio’ Ohi el Spatihe’ Wai 


ver meri jay i.) 
i veg Loqn {Mula 
leva lew aleriiy eal 

wioty led hab dnl) pedal 


juli) wl im (Lire alecpalll de 
2” 


t»ot b oloee fawn ‘ 
aful a itis ahead We eS 
/ oe to eh ae 
i(eulew iw SGA 
- id: ol 4 1k 6a9 hl ealiney: ne | 
ex's (| ne dey Looe « he ee 
Mavictad ba gi inate i ab het oe eS ¥ 
© foot call Wt [roe Ge) cao iy eat fen ee SE 


i acl | 


i” 


~ 


THE FOOD OF THE SHORE FISHES OF CERTAIN WISCONSIN 
LAKES. 


ad 


By A. S. PEARSE, 


University of Wisconsin. 


am 
I]. INTRODUCTION. 


Since the excellent work of Forbes (1880, 1883, 1888) in the eighties no thorough 
study has been made of the food of fresh-water fishes in the United States. The data 
for the present paper were collected during 1914, 1915, and 1916 near Madison, Wis. 
They relate primarily to the shore fishes of lakes, though the food habits of many from 
other habitats were studied. Small fishes were more often examined than large, because 
their food habits are less well known. During the first year 383 fishes were examined; 
during the second, 1,111; and in the third, 125. The summaries for 1914 have already 
been published (Pearse, 1915). Collections were made at 30 different stations, which 
are shown in the chart. They may be described briefly as follows: 


1. Lake shore at Merrill Springs. A small stream enters a little bay; three large springs flow directly 
into the lake; shore, sandy and pebbly. 
2. Lake shore near Pheasant Branch. Muddy, weedy bottom in mouth of creek; pebbles and a 
little sand on either side. 
. Lake shore at Maypest. Sandy in shallow water; weedy and soft mud farther out. 
. Six-Mile Creek at fork. Bottom very soft mud; current sluggish. 
. Mouth of Six-Mile Creek. Bottom very soft mud; weedy. 
. Bar across mouth of Catfish Bay. Bottom pebbly. 
. Yahara River above Catfish Bay. Bottom soft mud; current sluggish. 
. Lake shore at Farewells Point. Bottom stony. 
. Small bay near State Insane Asylum. Bottom clay, with water plants. 
. Lakeshore in bay. Bottom sandy and pebbly in shallow water; firm mud with weeds in deeper 
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. Lake shore at Maple Bluff. Beach of rocks and pebbles from the cliff above. 
. Pebble beach east of Maple Bluff. 

13. Small bay choked with vegetation; bottom very soft myid. 

14. Pebbly beach at mouth of Yahara Canal. 

15. Lake in front of University of Wisconsin. In shallow water, sand and bowlders; in deeper 
water, mud and vegetation followed by soft ooze. 

16. Southeast end of University Bay behind bar. Bottom soft mud; abundant vegetation, both 
floating and attached. 

17. Beach outside bar on east side of base of Picnic Point. Bottom pebbly and sandy in shallow 
water; muddy with weeds at greater depths. Behind bar, soft mud and much vegetation. ‘ 

18. Beach along southeast side of Picnic Point. Bottom pebbly in shallow water, then sandy, and 
in deeper water muddy with thick vegetation. 

19. Beach northwest of Picnic Point. Bottom of pebbles or sand. 
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Bottom soft mud with abundant vege- 


20. Small spring pools on the north shore of Lake Wingra. 


tation. 


21. Small creek on south side of Lake Wingra. 


Bottom clay and mud. 


- Muddy bottom near outlet of Lake Wingra. 


with Lake Monona. Bottom muddy with thick 


Yahara Canal, connecting Lake Mendota 


vegetation; pebbles along shores. 


24. Pebble and sand beach on southwest shore of Lake Monona. 
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Thirty stations where collections were made. 


Bottom clay, stones, and very soft 


ble vegetation. 
Bottom sand and mud. 
en in Lake Waubesa. 


Milwaukee and St. Paul Railroad near Lake Monona. 
ry, 4 miles south of Madison. 


26. Turvill Bay. Bottom very soft mud with considera! 
27. Pebble and sand beach near mouth of Lake Monona. 


28. Vegetation filled bay at outlet of Lake Monona, 
29. Catches from power seines of commercial fisherm 


30. Brook near State fish hatche 


25. Swamp behind Chicago, 
mud. 
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Collections were made with a miniature fyke net, dip net, minnow seine, and gill 
net. When they could not be examined within an hour or two, the fishes were placed in 
95 per cent alcohol and kept untilexamined. In examining the food, the entire contents 
of the alimentary canal were pressed out on a strip of glass, moistened, and then teased 
apart with needles under a binocular microscope. Insect fragments were turned over 
to an expert entomologist for identification. As the constituents of the food were identi- 
fied, they were written in the permanent record. As each fish was completed, the per- 
centage by volume of each constituent was estimated. All figures in this paper refer to 
such volumetric percentage estimates. 

During the work assistance was rendered by a number of persons, and it is a pleasure 
to acknowledge this indebtedness. Dean E. A. Birge and Mr. Chancey Juday, of the 
Wisconsin Geological and Natural History Survey, loaned equipment and extended 
other courtesies. Miss Henrietta Achtenberg worked four months computing averages 
and rewrote part of the manuscript. Dr. John Lowe and Mr. Alvin Cahn furnished some 
rare fishes for examination. Mr. A. F. Shira and Mr. Juday read the manuscript and 
made a number of helpful suggestions. Invaluable assistance was rendered by Dr. R. A. 
Muttkowski, who identified all the insects. 


Il. DESCRIPTION OF FOODS. 


All figures following foods are given in volumetric percentages; + indicates a trace. 
The lengths are given in millimeters and exclude the caudal fin. The species are arranged 
alphabetically according to their scientific names. Under each species the records are 
arranged according to dates, and the stations (see chart) where collections were made 
are given in each case. i 


Abramis crysoleucas (Mitchill). Golden shiner, roach, bream. 

Station 5; August 18, 1915; number examined, 2. Length: Maximum, 94; minimum, 92.5; average, 
93.2. Food: Hyalella, 42.5; Bosmina, 0.5; Camptocerus, 1.5; filamentous alge, 4o.5; fine silt and débris, 
Loe 

Station 5; August 18; number examined, 5. Length: Maximum, 31.3; minimum, 23.5; average, 
28.1. Food: Helea larva, 1; Tanypus carneus larva, 4; insect, 3; water mites, 1.2; ostracods, 4; Cyclops, 
33; Canthocamptus, 2; Cladocera unidentified, 14; Bosmina, 14; Pleuroxus, 1.4; Chydorus, 3; Simoce- 
phalus, 7; rotifers, 0.8; plant tissue, 4.8; seeds, 0.8; Wolffia, 3; Volvox, 2.2; Closterium, o.4; Pandorina, 0.4. 

Summary.—Food: Dipterous larve, 5; insects, 3; water mite, 1.2; ostracods, 4; copepods, 35; Clado- 
cera, 39.4; rotifers, 0.8; plants, 8.6; flagellates, 3. 

Station 18; August 18; number examined, 23. Length: Maximum, 75; minimum, 34; average, 
39.3. Food: Tanypus monilis pupe, 12.4; Cyclops, 20; Daphnia longispina hyalina, 65; Simocephalus, 
Zale 

Station 5; August 25; number examined, ro. Length: Maximum, 68; minimum, 27.5; average ~ 
33.2. Food: Chironomus lobiferus larve, 5.5; water mites, 2; Cyclops, 0.2; Bosmina, 88.5; Ceriodaphnia, 
3.5; algal filaments, 0.1; Volvox, o.1. 

Station 22; April 1, 1916; number examined,1. Length: 152. Food: Caddis-fly case, 0.5; ostracods, 
go; Cyclops, 0.5; Daphnia pulex, 1; filamentous alge, 8. 

Summary.—Insect larve, 0.5; Entomostraca, 91.5; plants, 8. 

Station 18; April 13; number examined, 3. Length: Maximum, 137; minimum, 114; average, 
122.6. Food: Larve sp., 6.6; Chironomus sp. larve, 2.3; C. lobiferus larve, 0.3; Orthocladius flavus 
larve, 0.3; Copotomus interrogatus adult, 1; Chironomus sp. adult, 38.3; Hyalella, 15; Cyclops, 1; snail 
remains, 1.6; Valvata tricarinata, 15; Lemna, 15; débris, 3.3. 

Summary.—Food: Insect larve, 9.5; adult insects, 39.3; amphipods, 15; copepods, 1; Mollusca, 
16.6; plants, 15; débris, 3.3. 
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Station 22; April 22; number examined, ro. Length: Maximum, 133; minimum, 112; average, 
123.4. Food: Chironomus decorus larve, 3.5; Chironomus sp. larve, 2; Cricotopus trifasciatus larve, 
2.6; May-fly nymphs, 2; chironomid pupe, 1; Cricotopus trifasciatus pup, 1.5; Hyalella, 0.1; ostracod, 
0.2; Canthocamptus, 1.5; Cyclops, 33.8; Daphnia pulex, 19.3; Chydorus sphericus, 5.1; Bosmina, 1.5; 
Physa, 2; Oscillatoria, 4.7; flagellates, 0.2; Volvox, 0.7; plant remains, 9; alge, o.1; fine débris, 9.1. 

Summary.—Food: Insect larve, 10.1; insect pupz, 2.5; amphipods, 0.1; Entomostraca, 61.4; Mol- 
lusca, 2; Protozoa, 0.2; plants, 14.5; débris, 9.1. 

Station 22; June 10; number examined, 5. Length: Maximum, 150; minimum, 115; average, 125. 
Food: Ostracods, 0.1; Daphnia pulex, 99.9. 

Grand summary for 1915 and 1916.—Number examined, 59. Length: Maximum, 152; minimum, 
23.5; average, 67.6. Food: Insect larve, 4.4; insect pupe, 5.7; adult insects, 2.2; mites, 0.4; amphipods, 
2.2; Entomostraca, 76.1; rotifers, +-; protozoans, 1; plant remains, 3.1; alge, 1.5; débris, 2.2. 

From these summaries it is apparent that the chief food of the golden shiner was microscopic crusta- 
ceans (76.1 per cent). More than half the food of ro of the fish consisted of other organisms—8r per 
cent filamentous alge, 85 per cent Hyalella, 55 per cent Chironomus lobiferus larve, 51 per cent silt and 
fine débris, etc. All other individuals had eaten 50 per cent or more Entomostraca; some had eaten 
nothing but Daphnia or Bosmina. Forbes and Richardson (1908) state that the food of this species 
varies greatly in different situations and mention mud, molluscs, insects, entomostracans, and plants 
as appearing in the dietary. Hankinson (1908) found midge larve and filamentous alge in the fish he 
examined. ‘The fish examined by Baker (1916) had eaten a small percentage of molluscs, and about 
97 per cent insects, chiefly caddis-fly larve. Considering all things, it appears that when young the 
golden shiner feeds chiefly on entomostracans, and mature fish on almost any available organisms. 


Ambloplites rupestris (Rafinesque). Rock bass, red-eye, goggle-eye. 

Data for 1914 (Pearse, 1915).—Number examined, 5. Average length: 61.4. Food: Insects, 68; 
mites, 0.4; Hyalella, 5.6; ostracods, 1; Cladocerans, 15; plants, 4; alge, 0.2; silt and débris, 0.4. 

Station 15; May 27, 1915; number examined, 1. Length: 99. Food: Chironomus fulviventris 
larvee, 3; C. decorus larve, 10; Procladius sp. larve, 10; Molanna uniophila larve, 69; Ecdyurus maculi- 
pennis nymphs, 2; Chironomus fulviventris pupe, 5; Valvata tricarinata, r. 

Summary.—Food: Chironomid larve, 23; caddis-fly larve, 69; May-fly larve, 2; chironomid pupe, 
5; snail, 1. 

Station 15; June 9; number examined, 1. Length: 115. Food: Siphlurus nymph, 2; Chironomus 
fulviventris pupa, 3; water mite, 0.5; crayfish, 94.5. 

Station 5; June 24; number examined, 1. Length: 188. Food: Enallagma hageni and E. anten- 
natum nymphs, 10; Cambarus propinquus, go. 

Station 15; July 24; number examined, 1. Length: 168. Food: Cambarus propinquus, too. 

Station 18; July 3; number examined, 19. Length: Maximum, 81; minimum, 35.6; average, 53.6. 
Food: Chironomus lobiferus larve, 0.7; C. digitatus larve, 1; Cricotopus trifasciatus larve, 3.1; Pal- 
pomyia longipennis larvz, 23.1; Leptocerus dilutus larve, 2.7; Ichythricha larva, o.1; damsel-fly nymphs, 
4.2; Ecdyurus maculipennis nymphs, 0.7; Enallagma hageni nymphs, 2.7; E. antennatum nymphs, 25; 
caterpillar, 1; Chironomus lobiferus pupz, 5.4; Palpomyia longipennis pupz, 5; same, adult, 11.4; 
Corixa, 0.7; mites, 0.6; ostracods, 0.3; Eurycercus, 7.6; oligochetes, 2.6; filamentous alge, 1. 

Summary.—Food: Dipterous larve, 27.9; caddis-fly larve, 2.8; damsel-fly nymphs, 32.6; cater- 
pillar, 1; dipterous pupz, 10.4; adult insects, 12.1; mites, 0.6; ostracods, 0.3; cladocerans, 7.6; oligochetes, 
2.6; alge, 1. 

Station 23; June 14; number examined, 1. Length: 45.5. Food: Chironomus tenellus larve, roo. 

Station 23; July 23; number examined, 5. Length: Maximum, 99; minimum, 61; average, 76.8. 
Food: Chironomus fulviventris larve, 17.4; Palpomyia longipennis larve, 0.4; Cenis diminuta nymphs, 
8.5; Enallagma antennatum nymph, 7; parnid beetle larva, 1; Chironomus fulviventris pupe, 23; Tany- 
pus monilis pupe, 1.8; Palpomyia longipennis pup, 0.4; Probezzia pallida pupa, 5; Simulium vittatum 
pupa, 1.8; Corixa adults, 2; Berosus, 3.4; Agabus, 2; Haliplus ruficollis, 2.6; crayfish, 12.4; Hyalella, 
6; oligochetes, 3; seeds, 0.2; Elodea, 2. 

Summary.—Food: Dipterous larve, 17.8; caddis fly larve, 8.5; damsel fly nymphs, 7; beetle larva, 
1; dipterous pupa, 32; adult insect, 10; crayfish, 12.4; Hyalella, 6; oligochetes, 3; plants, 2.2. 

Station 23; August 19; number examined, 1. Length: 66. Food: Carabid-beetle larva, 2; insect 
remains, 3; plant remains, 75; sand, 20. 
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Station 18; August 18; number examined, 1. Length: 59. Food: Chironomus viridis larve, 20; 
Betisca nymphs, 20; Chironomus lobiferus pup, 60. 

Station 23; August 19; number examined, 1. Length: 22.5. Food: Chironomus lobiferus larvee, 75; 
Cyclops, ro; oligochetes, 15. 

Station 10; August 20; number examined, 2. Lengths: 31.5, 29. Food: Labidesthes sicculus, 45; 
Chironomus lobiferus larve, 2.5; Chironomus digitatus larve, 12.5; Betisca nymphs, 40. 

Station 23; September 21; number examined, 1. Length: 10g. Food: oligochates, 50; plant 
remains, 20; sand and mud, 30. 

Station 15; September 25; number examined, 1. Length: 112. Food: Cambarus propinquus, roo. 

Station 15; November 20; number examined, 2. Lengths: 160, rar. Food: Labidesthes sicculus, 
42.5; Betis nymphs, 2.5; Sialis infumata larva, 50; Chironomus lobiferus pupe, 5. 

Station 25; December 4; number examined, 1. Length: 230. Food: Crayfish, roo. 

Grand summary for 1914 and 1915.—Number examined, 45. Length: Maximum, 230; minimum, 
22.5; average, 72.9. Food: Fish, 2; dipterous larve, 19.1; May-fly nymphs, 3.5; Odonata nymphs, 14.4; 
caddis-fly larve, 2.8; Sialis infumata larvze, 2.2; beetle larve, 0.5; unidentified insect larve, 0.5; dipter- 
ous pupe, 9.6; Diptera, 4.8; Hemiptera, 1.2; Hymenoptera, 1.3; Coleoptera, 1.1; unidentified insects, 
5.3; hydrachnids, 0.2; crayfish, 16.1; amphipods, 1.4; ostracods, 0.3; copepods, 0.3; cladocerans, 4.3; 
gastropods, +; oligochetes, 3; plant remains, 2.8; alge, 0.5; silt and débris, 1.2. 

The summaries show that the food of the young rock bass consists largely of insects (larve, 43 per 
cent; pupe, 9.6 per cent; adults, 13.7 per cent), which constitute more than three-fourths of the food. 
‘The adult fish feed mostly on crayfish, though they also capture insects in considerable numbers. 
Forbes and Richardson (1908) state that this bass eats insects, small crustaceans, and afew fish. Han- 
kinson (r908) found that it fed chiefly on crayfish, with smaller percentages of dragon-fly nymphs, midge 
larve, small fishes, and May-fly nymphs. Reighard (1915) found fish, insects, and crayfish in those he 
examined, According to Baker (1916) about three-quarters of the food is Crustacea and the remainder 
plants, alge, insects, and débris. 


Ameiurus melas (Rafinesque). Black bullhead. 

Data for 1914 (Pearse, 1915).—Number examined, 2. Length: Maximum, 123; minimum, 38.2; 
average, 80.6. Food: Dipterous larva, 40; Diptera, 2.5; ostracods, 12; Cyclops, 2.5; unidentified clado- 
cerans, 1; Bosmina, 25; plant remains, 17.5. 

Station 5; August 18, 1915; numberexamined, 1. Length: 274. Food: Enallagma hageni nymphs, 
2; Gyrinus larva, 6; dytiscid larva, 2; Leptocerus larva, 3; Phryganea interrupta larva, 5; caterpillar, 20; 
Chironomus fulviventris pupa, 16; Chironmus fulviventris adult, 11; Enallagma hageni adult, 13, 
Psychoda adult, 1; Corixa adult, 10; crayfish claw, 1; Hyalella, 1; leech, 5; Lemna, 3. 

Summary.—Food: Insect larve, 38; insect pupe, 16; adult insects, 35; crayfish, 1; Hyalella, 1; 
leech, 5; Lemna, 3. 

Station 5; September 14; number examined, 1. Length: 275. Food: Chironomus decorus larve, 
30; C. lobiferus larve, 20; C. digitatus larve, 5; Enallagma hageni nymphs, 5; Chironomus decorus 
pupa, 30; C. lobiferus pupa, 8; Hyalella, 2. 

Summary.—Food: Dipterous larve, 60; dipterous pupe, 38; Hyalella, 2. 

Station 28; September 17; number examined, 1. Length: 280. Food: Probezzia glaber larve, 4; 
P. pallida larve, 4; Tipula abdominalis larva, 1; Planorbis, 25; Physa, 30; plants, 10; Lemna, 1; Nostoc, 
15; silt and débris, 10. 

Summary.—Food: Dipterous larve, 9; snails, 55; plants, 26; silt and débris, ro. 

Station 16; September 20; number examined, 10, Length: Maximum, 190; minimum, 35; average; 
79.3. Food: Chironomus decorus larve, 6.3; C. fulviventris larve, ro; C. tentans larve, 0.5; Chironomus 
sp. larve, 11.5; Protenthes culiciformis larva, 0.1; Probezzia glaber larve, 1.6; P. pallida larva, 4.5; 
Chironomus decorus pupe, 0.6; C. fulviventris adults, 5.4; crayfish, 9.2; Cyclops, 0.5; leech, 4; oligo- 
chetes, 32.1; plants, 4.7; silt and fine débris, 8.5. 

Summary.—Food: Chironomid larve, 24.5; chironomid pupz, 0.6; chironomid adults, 5.4; crayfish, 
9.2; Cyclops, 0.5; teech, 4; oligochetes, 32.1; plants, 4.7; silt and débris, 8.5. 

Grand summary for 1914 and 1915.—Number examined, 15. Length: Maximum, 280; minimum, 
35; average, 118.8. Food: Dipterous larve, 32.6; damsel-fly nymphs, 0.4; beetle larve, 0.4; caddis-fly 
larve, o.5; caterpillar, 1.3; dipterous pupe, 4.2; adult insects, 5.7; Hyalella, 0.2; crayfish, 6.1; ostracods, 
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1.6; Cyclops, 0.7; cladocerans, 0.5; snails, 3.7; leech, 3; oligochztes, 21.4; plants, 6.4; alge, 0.9; silt and 
débris, 6.3. 

The food of the black bullhead, according to the summary, contains 45.1 per cent insects (larve, 
35.2; pupe, 4.2; adults, 5.7) and 21.4 per cent oligochetes. Young fish apparently eat more oligo- 
chetes than adults. Forbes and Richardson (1908) examined 34 individuals of this species and found 
the food to be one-fourth plants, and one-fifth bivave molluscs, snails, aquatic insects, crayfishes, and 
other crustaceans. 

Ameiurus nebulosus (Le Sueur). Common bullhead, brown bullhead, speckled bullhead. 

Station 5; May 21, 1915; number examined, 16. Length: Maximum, 94; minimum, 54.5; average, 
64.7 Food: Unidentified insect larve, 1; Chironomus decorus larve, 0.2; C. viridicollis larve, 1; C. 
fulviventris larve, o.9; C. tentans larve, 8.6; C. lobiferus larve, 5.2; Helea larva, 0.3; Cricotopus trifascia- 
tus larve, 7.1; Ptychoptera larva, 1; May-fly nymphs, 0.6; Callibetis nymphs, 0.7; beetle larva, 1.2; 
carabid-beetle larva, 0.3; unidentified pupa, 0.3; Probezzia pupa, 0.6; unidentified insect fragments, 
2.2; midges, o.1; mites, 1.2; Hyalella, 0.6; ostracods, 21; Cyclops, 11; Chydorus sphericus, 22; Eurycercus 
lamellatus, 2; Ceriodaphnia, o.1; cladoceran ephippia, 0.7; snail, 0.5; plants, 2.3; sand and fine débris, 7.3. 

Summary.—Food: Insect larve, 28.1; insect pupz, 0.9; adult insects, 2.3; mites, 1.2; ostracods, 21; 
Cyclops, 11; cladocerans, 24.8; snail, 0.5; plants, 2.3; silt and débris, 7.3. 

Station 6; June 24; number examined, 1. Length: 86. Food: Palpomyia longipennis larve, 10; 
Callibatis nymphs, 5; Cenis diminuta nymphs, 10; Enallagma hageni nymphs, 25; fragments of adult 
insects, 50. 

Station 5; August 9; number examined, 33. Length: Maximum, 47.6; minimum, 25; average, 
36.2. Food: Unidentified chironomid larve and cases, 2.8; Chironomus fulviventris larve, 5; C. lobi- 
ferus larve, 6.3; Protenthes culiciformis larvae, 7.3; Probezzia glaber larve, 1.3; P. pallida larve, 0.6; 
Betis nymphs, 2; Enallagma hageni nymphs, 1.3; insect pupz, 0.8; chironomid pupz, 1; Chirono- 
mus lobiferus pupz, 6; adult midges, 2.3; Anax junius, 0.2; gyrinid beetle, 0.5; Collembola, 0.5; 
mites, o.1; Hyalella, 18; ostracods, 2; Cyclops, 6; Bosmina, 0.1; Chydorus sphericus, 9; Eurycercus, 
0.3; Camptocercus, 17; Pleuroxus procurvatus, 4; Acroperus, 0.5; Ceriodaplinia, 1.6; Scapholeberis, 
0.3; oligocheetes, 4.7. 

Summary.—Food: Insect larve, 26.6; insect ‘pupe, 7.8; adult insects, 3.4; mites, o.1; Hyalella, 
18; ostracods, 2; Cyclops, 6; cladocerans, 32.3; oligochztes, 4.7. 

Grand summary.—Number examined, 50. Length: Maximum, 94; minimum, 25; average, 46.3. 
Food: Insect larve, 28.2; dipterous pup, 2.1; adult insects, 4.4; mites, 0.4; amphipods, 11.4; ostra- 
cods, 6.7; copepods, 8.4; cladocerans, 33.1; snails, 0.1; oligochetes, 2.1; rotifers, +; protozoans, +; 
plants, 0.9; alga, +; silt and débris, 2.3. 

Of the food of this bullhead 42.1 per cent consists of microscopic Crustacea, 34.7 per cent of insects. 
It apparently feeds more on Entomostraca than the black bullhead. Forbes and Richardson (1908) 
found the food to consist chiefly of small bivalve molluscs, insect larve, distillery slops, and a few adult 
insects and snails. Hankinson (1908) states that this species is an omnivorous feeder, taking crayfish, 
fish, molluscs, entomostracans, leeches, beetles, May-fly and dragon-fly nymphs. ‘Tracy (1910) found 
“all kinds of animal life,’’ including the young and eggsof fishes. Reighard (1915) records small fishes 
and a bumblebee as food. Crustaceans formed the chief food of the young individuals examined by 
Baker (1916), while the older fish had eaten ro per cent Mollusca and go per cent vegetation and mud. 

The brown bullhead feeds mostly on Entomostraca and insect larve while it is young, and when 
mature takes almost anything in the shape of animal food. 


Amiatus calva (Linneus). Bowfin?, grindle. 

Station 17; August 24, 1915; number examined, 1. Length: 545. Food: Crayfishes, roo. 

Station 28; September 14; number examined, 6. Length: Maximum, 438; minimum, 383; 
average, 406. Food: Fish remains, 37.5; Lepomis incisor, 59.3; crayfish, 3. 

Station 28; September 17; numberexamined, 4. Length: Maximum, 543; minimum, 388; average, 
470. Food: Fish remains, 48.5; sunfish, 43.5; crayfish, 7.5. 

Station 22; July 1, 1916; number examined, 3. Length: Maximum, 465; minimum, 440; average, 
452.6. Food: Fish remains, 96.6; crayfish remains, 3.3. 

Summary.—Food: Fish remains, 96.6; crayfish remains, 3.3. 


@ Locally known as dogfish. 
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Station 22; July 8; number examined, 1. Length: 420. Food: Fish remains, 100. 

Station 22; July 15; number examined, 1. Length, 412. Food: Fish remains, too. 

Summary for 1915 and 1910.—Number examined, 16. Length: Maximum, 465; minimum, 383; 
average, 467.4. Food: Fish remains, 90.1; crayfish remains, 9.4. 

It will be observed that no young dogfish were examined. Forbes and Richardson (1908) examined 
20 fish and found the food to be entirely animal—one-third fishes, one-fourth small molluscs, and about 
4o per cent crayfishes. A few amphipods, isopods, and entomostracans were atso noted (Forbes, 1883). 


Boleosoma nigrum (Rafinesque). Johnny darter. 

Station 14; July 9, 1915; number examined, r. Length, 15. Food: Cricotopus trifasciatus larve, 
Io; oligochetes, 55; Cyclops, 20; Chydorus, 15. 

Station 5; August 18; number examined, 1. Length, 30. Food: Helea larve, 15; Tanypus car- 
neus larve, 25; May-fly nymphs, 10; oligochetes, 15; ostracods, 15; Chydorus, 20. 

Station 19; August 18; number examined, ro. Length: Maximum, 34.5; minimum, 23; average, 
28.7. Food: Tanypus monilis larve, 2.4; Chironomus digitatus larve, 53.3; C. viridis larve, 2.4; 
C. lobiferus larve, 2.5; C. tentans larve, 1.5; Ecdyurus maculipennis nymphs, 6.5; C. digitatus pupe, 
1.5; oligochztes, 15; Hyalella, 2.8; Cyclops, 4.7; Chydorus, 1.3; Pleuroxus,+; Ceriodaphnia, 1.6; 
sand, 4.7. 

Summary.—Food: Chironomid larve, 63.1; May-fly nymphs, 6.5; chironomid pupe, 1.5: oligo- 
chetes, 15; amphipods, 2.8; copepods, 4.7; cladocerans, 2.9; sand, 4.7. 

Station 19; August 20; number examined, 20. Length: Maximum, 32; minimum, 21.5; average, 
27.5. Food: Probezzia pallida larve, 0.7; Tanypus monilis larve, 1.2; Chironomus digitatus larve, 
46; C. viridis larve, 3.5; C. lobiferus larve, 8.1; Leptocerus dilutus larve, 0.2; C. digitatus pup, 2; 
adult midge, 0.2; oligochetes, 22.4; mite, +; Hyalella, 0.2; ostracods, 0.2; Cyclops, 8.1; Chydorus, 
0.1; Pleuroxus, +; Ceriodaphnia, 1.5; Eurycercus, 0.7; Daphnia, 1; sand, 1.9. 

Summary.—Food: Chironomid larvae, 59.5; caddis-fly larva, 0.2; chironomid pupe, 0.2; adult 
midge, 0.2; oligochztes, 22.4; mites, --; amphipods, 0.2; ostracods, 0.2; copepods, 8.1; cladocerans, 
0.4; sand, 1.9. 

Station 10; August 20; number examined, 1. Length: 30. Food: Chironomus digitatus larvee, 20; 
oligochztes, 42; Hyalella, 10; Cyclops, 15; Chydorus, 3; Ceriodaphnia, ro. 

Station 12; August 20; number examined, 1. Length: 32.5. Food: Chironomus digitatus larve, 
60; Hyalella, 30; Eurycercus, 10. 

Station 5; August 25; number examined, r. Length, 38.2. Food: Chironomus digitatus larve, 
47; C. lobiferus larve, 40; oligochetes, 5; ostracods, 3; Cyclops, 5. 

Station 5; August 30; number examined, 1. Length: 41.5. Food: Chironomus lobiferus larve, 
to; Protenthes culiciformis larve, 10; oligochetes, 47; Cyclops, 30; diatoms, 3. 

Station 14; August 31; number examined, 3. Lengths: 41, 36.5, 29; average, 35.6. Food: Chiron- 
omid larva, 5; Cricotopus trifasciatus larva, 2.3; Chironomus digitatus larve, 35; C. viridis larve, 2. 33 
Protenthes culiciformis larve, 2.3; mites, 0.3; Hyalella, 15; Cyclops, 8; Chydorus, 18; sand, 1o. 

Summary.—Food: Chironomid larve, 46.9; mites, 0.3; amphipods, 15; copepods, 8; cladocerans, 
18; sand, to. 

Station r; September 1; numberexamined, 10. Length: Maximum, 48.5; minimum, 27.5; average, 
34.9. Food: Cricotopus trifasciatus larve, 1.4; Chironomus digitatus larve, 41.5; C. viridis larve, 1.1; 
C, lobiferus larve, 7.4; C. tentans larve, 3.5; Corethra larve, 0.2; Canis diminuta nymphs, o.s; C. 
digitatus pupe, 1.5; oligochetes, 13.7; Hyalella, 13.9; Cyclops, 5; Chydorus, 0.1; Pleuroxus, 0.2; 
Eurycercus, 6.3; cladoceran, 0.1; sand, 3.5. 

Summary.—Food: Chironomid larye, 55.1; May-fly nymphs, 0.5; chironomid pupe, 1.5; oligo- 
chetes, 13.7; amphipods, 13.9; copepods, 5; cladocerans, 6.7; sand, 3.5. 

Station 5; September 2; number examined, 2. Lengths: 41, 31. Food: Insect eggs, 2.5; Probezzia 
pallida larve, 11; Chironomus digitatus larve, 5; C. lobiferus larve, 45.5; C. tentans larvee, 21.5; adult 
midge, 0.5; oligochztes, 5; Cyclops, 5; cladoceran, 1; sand, 3. 

Summary.—Food: Chironomid larve, 85.5; midge, 0.5; oligochztes, 5; copepods, 5; cladocerans, 
I; sand, 3. 

Grand summary.—Number examined, 50. Length: Maximum, 48.5; minimum, 21.5; average, 
30.9. Food: Insect larve, 59.2; insect pupe, 1.4; adult insects, 0.1; oligochetes, 18.4; amphipods, 
5.1; ostracods, 0.5; copepods, 7.4; cladocerans, 5.6; diatoms, +; sand, Gals 


256 BULLETIN OF THE BUREAU OF FISHERIES. 


The chief food of the Johnny darter is chironomid larve, with oligochetes forming the second 
largest item. Forbes and Richardson (1908) stated that the food of the fish they examined consisted 
of two-thirds chironomid larvze, 12 per cent small May flies, and 7 per cent gnat larve. Hankinson 
(1908) reported chiefly midge larve, with some filamentous alge and Entomostraca. Reighard (1915) 
found midge larvee and entomostracans. 


Catostomus commersonii (Lacépéde). Common sucker, fine-scaled sucker. 

Station 24; July 2, 1915; number examined, 23. Length: Maximum, 24.3; minimum, 13; aver- 
age, 19.9. Food: Chironomus lobiferus eggs, 0.1; C. lobiferus larve, 5.2; C. digitatus larve, 5.6; C. 
viridis larve, 1.3; C. flavus larve, 1.3; C. tentans larve, 2.4; Cricotopus trifasciatus larve, 41.3; C. 
tentans pupe, 3.4; bug, +; midge, 0.3; ostracods, 17.5; Cyclops, 3.7; Cladoceran, 2.2; Bosmina, 1.1; 
Chydorus, 1.5; Eurycercus, +; oligochetes, 13.5; rotifers, 0.1; Closterium, +; Pediastrum, +; diatoms 
and desmids, +; Aphanothece, o.r1. 

Summary.—Food: Chironomid larve, 55.9; chironomid pupz, 3.4; adult insects, 0.3; ostracods, 
17.5; copepods, 3.7; cladocerans, 3.9; oligochetes, 13.5; rotifers, x; Protozoa, +; alge, o.r. 

Station 5; August 25; number examined, 6. Length: Maximum, 60; minimum, 38.5; average, 
47-9. Food: Chironomus lobiferus larve, 0.5; Probezzia glaber larve, 0.8; ostracods, 12.3; Cyclops, 
48.4; cladocerans, 0.3; oligochetes, 7; Arcella, 0.1; Difflugia, 8.5; Closterium, 1.6; desmids and di- 
atoms, 2.5; fine silt and débris, 16.9. 

Summary.—Food: Chironomid larve, 1.3; ostracods, 12.3; copepods, 48.4; cladecerans, 0.3; oligo- 
chetes, 7; protozoans, 8.6; alge, 4.1; silt and débris, 16.9. 

Station 5; August 30; number examined, 3. Length: 58, 53.6, 44; average, 51.8. Food: Chiron- 
omus lobiferus larve, 4; Corethra adult, 2.3; Dytiscus, 2.3; mite, +; ostracods, 27; Cyclops, 14; 
chydorid, 6.3; oligochetes, 10; rotifers, 1.3; Arcella, 0.3; Difflugia, 1; Closterium, 10.3; desmids and 
diatoms, 14; silt and débris, 4.3. 

Summary.—Food: Chironomid larve, 4; adult insects, 4.6; ostracods, 27; copepods, 14; cladoc- 
erans, 6.3; oligochetes, 10; rotifers, 1.3; protozoans, 1.3; alge, 24.3; silt and débris, 4.3. 

Station 5; September 2; number examined, 1. Length: 44. Food: Enallagma eggs, 25; Cyclops, 
56; Chydorus, 1; oligochztes, 10; rotifers, 1: Difflugia, 1; desmids and diatoms, 1; silt and débris, 5. 

Grand summary.—Number examined, 34. Length: Maximum, 60; minimum, 13; average, 29.2. 
Food: Insect eggs, 0.7; chironomid larve, 40.6; chironomid pupe, 2.4; adult insects, 0.6; mites, 0.1; 
ostracods, 16.8; copepods, 14.8; cladocerans, 3.6; oligochetes, 11.5; rotifers, 0.2; Protozoa, 1.3; alge, 
3; silt and débris, 3.6. 

The common sucker when young feeds mostly on chironomid larvz (40.6 per cent), entomostracans _ 
(35.2 per cent), and oligochetes (11.5 per cent). Tracy (1910) described the young as feeding on di- 
atoms, desmids, and black-fly larve; the adults on insects, worms, molluscs, young fishes, and fish eggs. 
Reighard (1915) found that the young ate mostly cladocerans, 2,000 being found in one individual. 
He told how the adults mouth over plants from one end to the other, and stated that they ate the eggs 
of the log perch. Hankinson (1908) found the food of adults to consist of caddis-fly larve and cases, 
Spheride, amphipods, insects, marl, midge larve, and Daphnia. Baker (1916) reported his examina- 
tions as follows: Mud and plant remains, 49 per cent; molluscs, 30 per cent; insecta, 21 per cent. 

The sucker is remarkable for the fineness of the food it is able to select. No other fish shows such 
a high percentage of protozoans, unicellular alge, and rotifers in its food. 


Cottus ictalops (Rafinesque). Miller’s thumb, common sculpin. 


Data for ror4 (Pearse, 1915).—All from station 11; number examined, 10. Average length, 45. 
Food: May-fly nymphs, 66; chironomid larve, 7.1; adult midge, 1.5; Hyalella, 13.5; ostracods, 0.5; 
Cyclops, 1.5; leech, 9; filamentous alge, 0.9. 

Station 14; July 9, 1915; number examined, 2. Lengths: 21.7, 20.5. Food: Cricotopus adults, 
7.5; Hyalella, 60; ostracods, 2.5; Cyclops, 10; chydorid, 2.5; oligochetes, 10; filamentous alge, 7.5. 

Station 23; July 23; number examined, 1. Length: 57.5. Food: Chironomus fulviventris larve, 
10; Diamesi waltii larve, 10; Hyalella, 60; oligochetes, 15; plant remains, 5. 

Station 19; August 18; number examined, 1. Length: 31. Food: Chironomus lobiferus larve, 40; 
Hyalella, 60. ; 

Station 19; August 20; number examined, 2. Lengths: 33, 32.5. Food: Chironomus digitatus 
larve, 21.5; Hyalella, 75; sand, 3.5. 
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Station 19; August 30; number examined, 2. Lengths: 33.5, 41. Food: Hyalella, 96; oligocheetes, 4. 

Station 19; August 31; number examined, 2. Lengths: 30.5, 30.5. Food: Chironomus digitatus 
larve, ro; C. viridis larve, 10; Canis diminuta nymphs, 8.5; Hyalella, 68.5; Cyclops, 1; oligochztes, 
0.5; sand, 1.5. 

Station 14; August 31; number examined, 1. Length: 35.5. Food: Chironomus digitatus larve, 
to; Betisca nymphs, 30; Hyalella, 60. 

Station 1; September 1; number examined,r. Length: 35. Food: Chironomus digitatus larvee, 
5; Betisca nymphs, 15; Hyalella, 80. 

Station rr; September 2; number examined, 5. Length: Maximum, 46; minimum, 31.5; average, 
40. Food: Chironomus digitatus larve, 0.4; Heptagenia interpunctata larve, 0.6; Hyalella, 98; ostra- 
cods, I. 

Station 11; September 11; number examined, 2. Lengths: 49, 39. Food: Hyalella, 95; ostracods, 
1; Nostoe, 4. 

Station 1; October 2; number examined, 1. Length: 48. Food: Dikerogammarus fasciatus, 100. 

Grand summary for 1914 and 1915.—Number examined, 30. Length: Maximum, 57.5; minimum, 
20.5; average, 39.6. Food: Chironomid larve, 7.5; caddis-fly larve, 0.1; May-fly nymphs, 24; adult 
midges, 1; amphipods, 59.1; ostracods, 0.6; copepods, 1.2; cladocerans, 0.1; oligochzetes, 0.7; leeches, 
3; plant remains, 0.1; alge, 1; sand, 0.2. 

The miller’s thumb subsists mostly on amphipods and insect larvae. It evidently lurks under stones 
and rushes out to capture small things which swim by. Forbes and Richardson (1908) examined six 
individuals, and 25 per cent of the food consisted of small fishes, 40 per cent of insect larve, and the 
remainder mostly Asellus. ‘They also stated that this fish was said to be very destructive to the eggs and 


fry of trout. 


Cyprinus carpio Linneus. German carp. 

Station 23, in a little inland pool connected with Yahara Canal by a ditch; July 12, 1915; number 
examined, 4. Length: Maximum, 21.7; minimum, 18; average, 20.1. Food: Unidentified chironomid 
larvee, 5.2; Probezzia pallida larve, 2.5; Tanytarsus agrayoloides larve, 10; Gyrinus larve, 2.5; Dytiscus 
hybridus larve, 2.5; Diamesi waltii larvee, 4.2; D. waltii pupe, 2.7; Palpomyia longipennis pupe, 
0.7; Leptocella uwarowii adult, 17.5; Collembola, 2.5; ostracods, 28.7; Cyclops, 2.5; Chydorus 1.2; roti- 
fers, 13.7; colonial alge, 0.7; desmids, 0.2; Wolffia, 2.5. 

Summary.—Food: Chironomid larve, 21.9; beetle larve, 5; chironomid pupe, 3.2; adult insects, 
20; ostracods, 28.7; copepods, 2.5; cladocerans, 1.2; rotifers, 3.7; plants, 2.5; alge, 0.9. 

Station 5; August 9; number examined, 18. Length: Maximum, 64; minimum, 15; average, 31.8. 
Food: Helea larve, 0.8; Chironomus fulviventris larve, 7; C. lobiferus larve, 2; Cricotopus trifasciatus 
larve, 0.3; Probezzia pallida larve, 0.8; May-fly nymphs, 0.8; Canis diminuta nymphs, 3; Berosus 
larve, 0.3; Haliplus larvae, 0.1; Corixa nymph, 2.7; Palpomyia longipennis adults, 0.3; C. fulviventris 
adults, 2.5; Corethra adults, 2.5; Dytiscus adults, 2.5; Hyalella, 16.3; ostracods, 9.4; Cyclops, 14; Can- 
thocamptus, 0.5; mites, 1.7; Ceriodaphnia, 1.4; Chydorus, 3.7; Camptocercus, 0.8; Pleuroxus, 0.7; un- 
identified cladocerans, 0.8; ephippial eggs, 0.5; unidentified snalis, 6.4; Physa, 1.6; Planorbis, 2; oli- 
gochetes, 6.3; Pleurococcus, 1.4; Wolffia, 4.7; plant remains, 1.6. 

Summary.—Food: Insect larve, 17.7; adult insects, 7.8; mites, 1.7; Hyalella, 16.3; ostracods, 9.4; 
copepods, 14.5; cladocerans, 7.9; snails, 9; oligochetes, 6.3; alge, 1.4; plants, 6.3 

Station 23, in a little inland pool connected with Yahara Canal by a ditch; August 11; number ex- 
amined, 18. Length: Maximuni, 44.6; minimum, 21; average, 29.5. Food: Insect eggs, 0.6; Chironomus 
fulviventris larvee, 53.1; C. lobiferus larve, 5; C. tentans larve, 2.5; Palpomyia longipennis larve, 
0.5; May-fly nymphs, 1; Cenis diminuta nymphs, 4. 9; Naucoris larve, 0.1; Chironomus fulviventris 
pupe, 7.2; adult insects, 1; Haliplus maculatus adults, 1.5; Chironomus fulviventris adults, 0.3; Corethra 
adults, 1.5; mites, 2.8; ostracods, 0.3; Cyclops, 8.9; Ceriodaphnia, 0.3; Chydorus, 0.5; Cladoceran, o.1; 
snails, 0.8; Physa, 0.8; Planorbis, 4.3; rotifers, ++; Difflugia, +; filamentous alge, 0.3; plant remains, 
0.2; silt, 0.3. : 

Summary.—Food: Insect larve, 67.6; insect pupe, 7.2; adults, 4.3; mites, 2.8; ostracods, 0.3; cope- 
pods, 8.9; cladocerans, 0.9; snails, 5.9; rotifers, -+-; protozoans, +; alge, 0.3; plants, 0.2; silt, 0.3. 

Station 28; September 14; number examined, 1. Length: 460. Food: Chironomid larvee, 1; ostracods, 
1; Cyclops, 2; plant remains, 61; duckweed, 7; blue grass, 8; fine silt and débris, 20. 


258 BULLETIN OF THE BUREAU OF FISHERIES. 


Station 22; April 22, 1916; number examined, 1. Length: 120. Food: Chironomid sp. larve, 
30; ostracods, 4.8; Cyclops, 24; chydorid, 0.1; Chydorus, 0.1; plant remains, 1; bottom débris, 4o. f 

Summary.—Food: Insect larve, 30; Entomostraca, 29; plants, 1; débris, 4o. 

Grand summary for 1915 and 1916.—Number examined, 42. Length: Maximum, 460; minimum, 
15; average 41.7. Food: Insect larve, 39.7; insect pupe, 6.8; adult insects, 3.5; mites, 1.8; amphipods, 
6.9; entomostracans, 20.9; snails, 6.9; oligochetes, 2.8; rotifers, 1.1; protozoans, +; alge, 0.8; plant remains, 
4.9; silt and débris, 1.5. 

The German carp during its first few weeks after hatching from the egg feeds largely on entomos- 
tracans and rotifers; after that it turns more to insect larve. The adult carp is rather omnivorous, but 
vegetation forms a large part of its food. Forbes and Richardson (1908) stated that the carp eats princi- 
pally vegetable matter, also insect larve, crustaceans, molluscs, and other small aquatic animals. 
Tracy (1910) said it is omnivorous and chiefly vegetarian in its diet. Cole (1905) stated that the food was 
mostly vegetable and mentioned many other things he found, including the eggs of whitefish. 


Esox lucius Linneus. Common pike, pickerel. 


Station 17; April 17, 1915; number examined, 1. Length: 730. Food: Micropterus salmoides 
(165 mm. long), 55; Perca flavescens (160 mm.), 45. 

Station 17; April 25; number examined, 1. Length: 765. Food: Perca flavescens (185 mm.), 100. 

Station 15; June 12; number examined, 1 Length: 164.5. Food: Perca flavescens (95 mm.), roo. 

Station 23; July 23; number examined, 1. Length: 143. Food: Diamesi waltii adult, 5; Hya- 
lella, 95. 

Station 15; June 26; number examined, 1. Length: 420. Food: Fish remains, 100. 

Station 15; August 7; number examined, 1. Length: 155.5. Food: Fish remains, 90; Sphe- 
ride, ro. 

Station 15; August 21; number examined, 1. Length: 587. Food: Perca flavescens (134 mm.), 
100. 

Station 17; August 23; number examined, 2. Lengths: 362, 4oo. Food: Perca flavescens (140 
mm., 105 mm.), roo. 

Station 17; August 24; number examined, 1. Length: 317. Food: Fish remains, 90; Corixa 
nymphs, 4; Naucoris larve, 4; ephippial eggs, 2. 

Station 28; September 17; number examined, 4. Length: Maximum, 555; minimum, 455; aver- 
age, 487. Food: Small sunfish, 50; fish remains, so. 

Station 29; November 16; number examined, 2. Lengths: 876, 563. Food: Perca flavescens (200 
mm.), 50; fish remains, 50. 

Station 22; April 1, 1916; number examined, 1. Length: 233. Food: Fish remains, 100. 

Station 18; April 13; number examined, 4. Length: Maximum, 238; minimum, 200; average, 
217.5. Food: Fish remains, too. : 

Station 18; April 17; number examined, 1. Length, 227. Food: Notropis heterodon and other 
fish remains, 100. 

Station 18; April 18; number examined, 2. Lengths: 293, 203; average, 248. Food: Chydorus, 
50; leech, 50. 

Station 27; May 30; number examined, 2. Lengths: 320, 295; average, 305. Food: Pimephales 
notatus, 50; Perca flavescens, 50. 

Station 18; June 29; number examined, 1. Length: 220. Food: Fish remains, too. 

Station 18; June 12; number examined, 1. Length: 45. Food: Minnow, 50; chironomid larve, 
20; Cenis diminuta nymphs, 30. 

Station 18; July 7; number examined, 2. Length: Maximum, 100; minimum, go; average, 95. 
Food: Fish remains, 50; Perca flavescens, 50. 

Station 17; July 10; number examined, 6. Length: Maximum, too; minimum, 81; average, 88.8. 
Food: Micropterous salmoides, 66.6; Perca flavescens, 16.6; Cenis diminuta nymphs, 10; midge 
pupe, 6.6. 

Grand summary for 1915 and 1916.—Number examined, 36. Length: Maximum, 876; minimum, 45; 
average, 293.4. Food: Fish, 84; insect larve, 2.9; insect pupe, 1; adult insects, 2.5; amphipods, 2.5; 
Entomostraca, 2.6; Hirudinea, 2.5; Mollusca, 9.2; silt and débris, 1.2. 
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The small pickerel apparently eats a few insects and molluscs; the adults live nearly altogether on 
fish. Other observers have found the food to be as follows: Forbes and Richardson (1908)—fishes and 
frogs, crayfishes, larger insects, and occasionally even mice, reptiles, and young ducks; Hankinson 
(1908)—perch, darters; Reighard (1915)—perch and fish remains. 


Etheostoma flabellare Rafinesque, var. lineolatum Jordan and Evermann. Fan-tailed darter. 


Data for r9r4.—Station 11; September 4; number examined, 2. Lengths: 29.6, 31.3. Food: 
Chironomid larve, 75; adult midge, 0.5; Hyalella, 24.5; Camptocercus, ++. 

Station 19; December 3; number examined, 1. Length: 38.7. Food: Chironomus lobiferus 
larve, 35; C. viridis larve, 40; Hyalella, 25. 

Station 23; July 12, 1915; number examined, 1. Length: 48.3. Food: Hyalella, 80; oligochetes, 
15; plant remains, s. 

Station 14; August 31; number examined, r. Length: 38.7. Food: Agraylea multipunctata 
larve, 13; Hyalella, 86; chydorid, rt. 

Grand summary for 1914 and 19r5.—Number examined, 5. Length: Maximum, 48.3; minimum, 
29.6; average, 37.3. Food: Chironomid larve, 42; caddis-fly larve, 4.8; adult midge, 0.2; Hyalella, 
48; cladocerans, 0.2; oligochetes, 3; plant remains, r. 

The fan-tailed darter lives mostly on chironomid larve and amphipods. Forbes and Richardson 
(1908) examined six fish and found two-thirds chironomid larve, one-fourth May-fly nymphs, and the 
remainder copepods. 


Etheostoma iowz Jordan and Meek. Iowa darter. 

Station 23; July 9, 1915; number examined, 4. Length: Maximum, 55; minimum, 45.5; average, 
48.5. Food: Unidentified chironomid larve, 12.5; Chironomus fulviventris larve, 11.2; C. tentans 
larve, 2.5; Berosus larve, 9; Gyrinus larve, 11.2; Hyalella, 47.5; Physa heterostropha, 3.7; oligo- 
chetes, 2; fine débris, 0.5. 

Station 23; August 31; number examined, 1. Length: 45. Food: Hyalella, 100. 

Grand summary.—Number examined, 5. Average length, 47.8. Food: Chironomid larve, 21; 
beetle larve, 16; amphipods, 58; snails, 3; oligochetes, 1.6; fine débris, 0.4. 

This beautiful little darter subsists nearly altogether on amphipods and insect larvee. 


Eucalia inconstans (Kirtland). Brook stickleback. 

Data for 1914 (Pearse, 1915).—Number examined, 50. Length: Maximum, 48.5; minimum, 22; 
average, 31.7. Food: Dipterous larve, 13.2; May-fly nymphs, 1.4; Corixa nymphs, +; caddis-fly 
larve, 1.3, unidentified adult insects, 2.2; midges, 13.6; podurans, 0.7; mites, 0.5; Hyalella, 0.2; os- 
tracods, 3.6; copepods, 28.5; cladocerans, 14.9; snails, 6.3; Spheride, 0.1; oligochetes, 0.3; nematodes, 
+; rotifers, +; Difflugia, +; plants, 5.4; alge, 1.7; fine débris, 4.6. 

Station 21; April 28, 1915; number examined, 10. Length: Maximum, 51; minimum, 30.1; average, 
40.6. Food: Chironomid larve, 2.5; Pelopia flavifrons larve, 1.5; Chironomus fulviventris larve, 2; 
C. flavus larvee, 3; C. lobiferus larvee, 0.6; C. modestus larve, 0.2; C. digitatus larvae, 0.2; Tanytarsus 
dissimilis larve, 0.2; Orthocladius sp. larve, 0.7; Cricotopus exilis larve, 0.4; Cricotopus trifasciatus 
pupe, 0.2; Chironomid adults, 3.8; Hyalella, 11.5; Dikerogammarus fasciatus, 15.2; young amphipods, 
5.5; ostracods, 5; Cyclops, 12; Canthocamptus, 1; oligochztes, 7.3; rotifers, 4.3; diatoms, +; algze, 0.5; 
filamentous alge, 0.2; gelatinous alge, 0.5; plant remains, 8.5; silt and fine débris, 16.6. 

Summary.—Food: Chironomid larve, rr.3; chironomid pupz, 0.2; adult midges, 3.8; amphipods, 
32.2; ostracods, 5; copepods, 13; oligochztes, 7.3; rotifers, 4.3; alge, 1.2; plants, 8.5; silt and débris, 
16.6. 

. Station 20; April 28; number examined, ro. Length: Maximum, 44; minimum, 31; average, 40.6. 
Food: Fish eggs and embryos, 2.5; Pelopia flavifrons larve, 0.3; chironomid larve, 0.9; C. flavus larve, 
0.7; C. lobiferus larve, 0.7; C. dorsalis larve, 0.2; C. tentans larve, 0.6; C. viridicollis larve, 0.2: 
Tanytarsus exiguus larve, 3.4; Orthocladius nivoriundus larve, 0.9; adult midge, 0.5; insect, 1. 53 
Asellus communis, 14; Dikerogammarus fasciatus, 3; ostracods, 3.7; Cyclops, 16.8; Canthocamptus, 7.3; 
Chydorus sphericus, 32.2; Physa, 7.5; Physa eggs, 1; oligochetes, 1; filamentous alge, o.1; silt and 
débris, 0.6. 

Summary.—Food: Chironomid larvee, 10.4; adult insects, 2; amphipods, 17; ostracods, 3.7; cope- 
pods, 21.1; cladocerans, 32.2; snails, 8.5; oligochetes, 1; alge, o.1; silt and débris, 0.6. 
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Station 20; June 12; number examined, 30. Length: Maximum, 43.5; minimum, 9.4; average, 
19.1. Food: Caddis-fly larve, 1.1; chironomid larve, 7.1; Chironomus tentans, 8.9; psychodid larve, 
0.3; Tanytarsus exiguus larve, 6.4; Orthocladius sp. larve, 0.5; O. nivoriundus larve, 0.8; Cricotopus, 
exilis larve, 1.9; C. trifasciatus larve, 5; C. trifasciatus pupa, 11.4; Chironomus tentans pupe, 17.3; 
C. fulviventris pupa, +; Aedes adults, 1; leaf hopper, 1; ostracods, 2.5; Cyclops, 4.8; Canthocamptus, 
1.5; nauplii, o.1; Chydorus sphzricus, 20; Ceriodaphnia, 0.9; rotifers, 4.3; diatoms, o.1; filamentous 
alge, 0.1; plant remains, o.1. 

Summary.—Food: Chironomid larve, 30.9; caddis-fly larve, 1; chironomid pupe, 28; adult in- 
sects, 2; ostracods, 2.5; copepods, 6.4; cladocerans, 20.9; rotifers, 4.3; alge, 1.1; plants, o.r. 

Station 21; June 12; number examined, 6. Length: Maximum, 42; minimum, 30; average, 37. 
Food: Chironomid larvae, 0.2; Chironomus fulviventris larve, 64.6; Tanytarsus exiguus larve, 4.33 
Chironomus fulviventris pupa, 20; Aedes adults, 5.8; Hyalella, 3.6; Cyclops, 1.3; amphipods, 3.6; 
copepods, 1.3. 

Summary.—Food: Chironomid larve, 69.1; chironomid pupz, 20; adult mosquitoes, 5.8; amphi- 
pods, 3.6; copepods, 1.3. 

Station 25, from a ditch beside the road; July 2; number examined, 4. Length: Maximum, 28.6; 
minimum, 13.2; average, 19.6. Food: Chironomid larve, 2.5; Tamytarsus exignus larve, 6.2; Tany- 
tarsus monilis larve, 28.2; adult midge, 1.2; Hermannia bistriata, 11.2; ostracods, 13.7; Cyclops, 22.5; 
Ceriodaphnia, 1.2; oligochetes, 7.2; rotifers, 4.7; diatoms, 1; gelatinous alge, 1.2. 

Summary.—Food: Chironomid larve, 36.9; midge, 1.2; terrestrial mite, 11.2; ostracods, 13.7; cope- 
pods, 22.5; cladocerans, 1.2; oligochetes, 7.2; rotifers, 4.7; alge, 2.2. 

Grand summary for 1914 and 1915.—Number examined, 110. Length: Maximum, 51; minimum 
9.4; average, 29.3. Food: Fish eggs, 0.2; dipterous larve, 21.5; hemipterous larve, +-; May-fly larve, 
0.6; caddis-fly larva, 0.9; chironomid pupz, 9.1; adult Diptera, 7.3; hemipterous adults, 0.3; podu- 
rans, 0.3; unidentified insects, 1.1; mites, 0.6; amphipods, 3.4; Asellus, 1.2; ostracods, 3.2; copepods, 
19.3; cladocerans, 16; snails, 3.6; Spheride, 0.1; oligochetes, 1.1; rotifers, 1.1; nematodes, +; alge, 
1.2; plants, 3.2; silt and débris, 3.7. 

The brook stickleback ate over 41 per cent insects (larve, 23; pupz, 9.1; adults, 9) and 38.5 per cent 
entomostracans. Forbes and Richardson (1908) examined five fish and found about equal parts of plant 
and animal food—filamentous alge, insects, chironomid larve, and entomostracans. 


Eupomotis gibbosus Linneus. Pumpkinseed. 

Station 17; April 1o, 1915; number examined, 3. Lengths: 155, 148, 145. Food: Protenthes, 
choreus larve, 0.6; Chironomus fulviventris larve, 0.6; Enallagma hageni nymphs, 2.6; Sialis larve, 
1.6; Colymbetis adults, 20; leeches, 8.3; Planorbis, 40; plant remains, 22.6; fine débris, 3.3. 

Station 17; April 13; number examined, 2. Lengths: 133, 126. Food: Toad eggs, 42.5; Planor- 
bis, 30; plant remains, 5; alge, 15; fine débris, 7.5. 

Station 28; August 19; number examined, 1. Length: 116. Food: Chironomus lobiferus larve, 15; 
Chrysops larve, 1; Chironomus lobiferus pup, 2; Corixa adults, 5; Probezzia glaber, 3; Hyalella, 74. 

Station 28; August 24; number examined, 2. Lengths: 187, 142. Food: Micronecta nymph, 1.5; 
Cenis diminuta nymphs, 2.5; Enallagma antennatum nymphs, 0.5; Sialis larve, 2.5; Stratyiomyia 
discalis larvee, 2.5; Notonecta nymph, 3.5; Corixa adults, 4.5; Hyalella, 1.5; Physa, 1.5; sponge, 10; 
Lemna, 7.5; Ceratophyllum, 48.5. 

Station 15; October 1; number examined, 1. Length: 160. Food: Chironomus lobiferus larve, 
35; Leptocella uwarowii adult, 10; Hyalella, 5; crayfish, 12; Valvata tricarinata, 10; Amnicola limosa, 
ro; Ancylus, 3; plant remains, 5; Vallisneria, 10; Myriophyllum, 2; filamentous alge, 3. 

Grand summary.—Number examined, 9. Length: Maximum, 187; minimum, 116; average, 145.7. 
Food: Toad? eggs, 9.4; insect larve, 11.6; insect pup, 0.9; adult insects, 9.3; amphipods, 9; cray- 
fish, 1.3; leeches, 2.8; snails, 25.8; sponge, 2.2; plants, 21.9; alge, 3.6; fine débris, 2.8. 

The food of the pumpkinseed was made up of insects (22.1 per cent), large Crustacea (10.3 per cent), 
snails (25.8 per cent), plants (25.5 per cent), and other things. Forbes and Richardson (1908) found 
that more than half the food of the fish they examined was molluscs; the rest was amphipods, isopods, 
and insects. Hankinson (1908) reported midge larve, May-fly nymphs, crayfishes, amphipods, snails, 
leeches, and caddis-fly larve. Reighard (1915) found snails, insect larve, and Chara. Insects formed 
the chief food of those fish examined by Baker (1916). 
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Fundulus diaphanus men&_a (Jordan and Copeland). Menona top minnow. 

Data for ror4 (Pearse, 1915)—Number examined, 49. Length: Maximum, 49.5; minimum, 27.5; 
average, 35.4. Food: Dipterous larve, 6.1; beetle larve, 0.6; hemipterous larve, 0.7; dragon-fly 
nymphs, +; May-fly nymphs, 1.7; podurans, +; insects, 3.2; mites, 1; Hyalella, 16.2; ostracods, 
25.2; copepods, 1.2; cladocerans, 27; Planorbis, 0.1; plant remains, 0.1; Wolffia, 14.7; filamentous 
alge, 0.1. 

Station 17; December 3; number examined, 1. Length: 37. Food: Chironomus viridicollis 
larve, 5; C. viridis larve, 5; Chydorus sphericus, 10; Ceriodpahnia, 40; Eurycercus lamellatus, 40. 

Summary.—Food: Chironomid larve, 10; cladocerans, go. 

Station 19; December 3; number examined, 1. Length: 38. Food: Cricotopus trifasciatus 
larve, 92; Hyalella, 8. 

Station 17; April 6, 1915; number examined, 10. Length: Maximum, 42.1; minimum, 27.9; 
average, 31.6. Food: Dipterous larve, 7; Chironomus tentans larve, 5.8; C. fulviventris larve, 10; 
C. decorus larve, 8; Corethra larve, 6; adult Diptera, 14; ostracods, 6.5; Cyclops, 5.5; Canthocamptus, 
2.5; Chydorus sphericus, 4; oligochetes, 14.3; nematodes, 0.2; unknown eggs, 10; plants, 0.2; alge, 
3; fine débris, 3. 3 

Summary.—Food: Dipterous larve, 36.6; adult Diptera, 14; ostracods, 6.5; copepods, 8; cladoc- 
erans, 4; oligochetes, 14.3; nematodes, 0.2; unknown eggs, 10; plants, 3.2; fine débris, 3. 

Station 17; April 13; number examined, 4. Length: Maximum, 45.5; minimum, 30; average, 
39.5. Food: Chironomid larve, 5; Chironomus fulviventris larve, 0.5; C. decorus larve, 0.9; C. 
lobiferus larve, 14.2; ostracods, 15.5; Cyclops, 9.2; Canthocamptus, 3.7; Ceriodaphnia, +; oligo- 
chetes, 3.7; nematodes, 1.2; plant remains, 4.2; Wolffia, 10.7; alge, 1.5; fine débris, 29.2. 

Summary.—Food: Chironomid larve, 20.6; ostracods, 15.5; copepods, 12.9; oligochetes, 3.7; 
nematodes, 1.2; plants, 16.4; fine débris, 29.2. 

Station 21; April 28; number examined, 10. Length: Maximum, 46; minimum, 27; average, 38.6. 
Food: Young fish with yolk sacs, 6.9; chironomid larve, 0.6; Chironomus fulviventris larve, 3.6; C. 
flavus larve, 2; Tanypus decoloratus larve, 0.8; Tanytarsus exiguus larve, 2; T. dives larve, 2; Ortho- 
cladius sp. larvee, 0.4; O. nivoriundus larve, 4; Palpomyia longipennis larve, 1; Tabanus larve, 1.1; 
podurans, 0.7; midges, 9.2; Dikerogammarus fasciatus, 19.7; Cyclops, 3.1; Canthocamptus, 1.3; Sphe- 
ride, 4; oligochetes, 1.5; eggs, 1.1; plant remains, 7.2; fine débris, 17.1. 

Summary.—Food: Dipterous larve, 17.5; adult insects, 9.9; amphipods, 19.7; copepods, 4.4; 
Spheride, 4; oligochetes, 1.5; eggs, 1.1; plants, 7.2; fine débris, 17.1. 

Station 21, along shore of Lake Wingra; April 28; number examined, 10. Length: Maximum, 
39; minimum, 33; average, 38. Food: Tanypus decoloratus larve, 0.3; T. d. pupa, 16; Cricotopus 
trifasciatus pup, 1; adult Diptera, 0.5; terrestrial mites, 1.4; ostracods, 46.5; Cyclops, 15.7; Cantho- 
camptus, 1.5; Chydorus sphericus, 5.1; Eurycercus, 8.1; nematodes, 0.3; alge, 3.5. 

Summary.—Food: Dipterous larve, 0.3; dipterous pup, 17; adult insects, 0.5; mites, 1.4; ostra- 
cods, 46.5; copepods, 17.2; cladocerans, 13.2; nematodes, 0.3; alge, 3.5. 

Station 5; May 12; number examined, ro. Length: Maximum, 59; minimum, 34; average, 47.4. 
Food: Fish eggs, 4.5; Cricotopus trifasciatus larvee, 4.4; Chironomus viridis larve, 1; C. viridicollis 
larve, 5.6; Tanypus decoloratus larve, 2.2; Pelopia monilis larve, 1; Orthocladius sordidellus larve, 
2.5; Probezzia pallida larve, o.1; Cenis diminuta nymphs, 6.4; May-fly nymphs, 0.5; Orthocladius 
sordidellus pup, 2.4; Tanypus decoloratus pupe, 0.8; Collembola, 0.5; midges, 1; terrestrial mites, 
0.8; Hyalella, 3.5; ostracods, 26.2; Cyclops, 5.8; Chydorus sphericus, 21.2; Eurycercus lamellatus, 
2.9; Spheride, 1; Planorbis, 1.2; plant remains, 0.7; alge, 1.3; fine débris, 0.5. 

Summary.—Food: Fish eggs, 4.5; insect larve, 20.1; pupe, 3.2; adult insects, 1.5; mites, 0.8; 
amphipods, 3.5; ostracods, 26.2; copepods, 5.8; cladocerans, 25.1; molluscs, 2.2; plants, 2; fine dé- 
bris, 0.5. 

Station 16; May 15; number examined, 8. Length: Maximum, 52; minimum, 32; average, 39.5. 
Food: Helea larve, 2; Cricotopus trifasciatus larve, 20.7; Tanypus decoloratus larve, o.5; Ortho- 
cladius sordidellus larve, 5.5; Palpomyia larve, 5; Cenis diminuta nymphs, 2.1; Cricotopus trifas- 
ciatus pupz, 5; mites, 3; ostracods, 7; Cyclops, 18.5; Chydorus sphericus, 2; Pleuroxus procurvatus, 
1.5; Planorbis, 11.7; oligochztes, 12; plant remains, 0.2; alge, o.1. 

Summary.—Food: Insect larve, 35.7; pupe, 5; mites, 3; ostracods, 7; copepods, 18.5; cladoc- 
erans, 3.5; snails, 11.7; oligochetes, 12; plants, 0.3. 
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Station 5; June 1; number examined, ro. Length: Maximum, 49; minimum, 30; average, 38. 
Food: Beetle larve, 6; May-fly nymphs, 1; Helea larve, 1; Chironomus decorus larve, 2.7; C. lobiferus 
larve, 4.8; Orthocladius sordidellus larve, 37.7; Probezzia glaber larve, 0.4; C. digitatus pupe, o.1; 
Hyalella, 1.5; ostracods, 12.5; Cyclops, 0.5; Chydorus sphericus, 3.3; Eurycercus, 5.7; snails, 0.5; 
Planorbis, 12.5; Limnea, 9; Physa ,o.8. 

Summary.—Food: Insect larve, 54.6; pup, 0.1; amphipods, 1.5; ostracods, 12.5; copepods, 0.5; 
cladocerans, 9; snails, 23.2. 

Station 6; June 24; number examined, 1o. Length: Maximum, 58.8; minimum, 37; average, 
48.4. Food: Helea larve, 0.5; Chironomus plumosus larve, 0.4; C. lobiferus larve, 1.2; Orthocladius 
sordidellus larve, 0.5; Probzzia glaber larve, 2; Ecdyurus maculipennis nymphs, 16.8; Orthocladius 
sordidellus pupa, o.2° Tanypus monilis pupe, 0.1; C. decorus pupe, o.5; C. digitatus pupa, 1; Corixa 
adults, 0.4; Hyalella, 30.1; ostracods, 7.9; Cyclops, 2.2; Chydorus sphericus, 7.9; Pleuroxus pro- 
curvatus, 0.2; Planorbis, 14.4; Physa, 5.8; oligochates, 2.5; fine débris, 5. 

Summary.—Food: Insect larve, 21.4; pup#, 1.8; adult insécts, 0.4; amphipods, 30.1; ostracods, 
7-9; copepods, 2.2; cladocerans, 8.1; snails, 20.2; oligochetes, 2.5; fine débris, 5. 

Station 3; June 24; number examined, 10. Length: Maximum, 67.5; minimum, 53; average, 57.9. 
Food: Insect larva, 1; Helea larve, 0.3; Cricotopus trifasciatus larve, 1.4; Chironomus plumosus larve, 
2.1; Tanypus monilis larve, 3.6; Orthocladius sordidellus larve, 43; Probezzia glaber larve, 0.3; P. 
pallida larve, 1.3; Sialis larva, 0.1; Ecdyurus maculipennis nymphs, 8.3; Orthocladius sordidellus 
pupe, 0.4; Chironomus digitatus pupz, 0.2; Hyalella, 11.4; ostracods, 0.3; Cyclops, 0.1; Chydorus, 1; 
fine débris, 26. 

Summary.—Food: Insect larve, 61.4; pup, 0.6; amphipods, 11.4; ostracods, 0.3; copepods, o.1; 
cladocerans, 1; fine débris, 26. 

Station 18; July 3; number examined, 11. Length: Maximum, 55; minimum, 41; average, 47.3. 
Food: Helea larve, 0.2; chironomid larve, 3; Chironomus lobiferus larve, 3.6; C. abbfeviatus larve, 
0.2; Probezzia glaber larve, 0.5; Protenthes culiciformis larve, 0.3; Procladius sp. larve, 19.7; Hyalella, 
49.1; Dikerogammarus fasciatus, 0.1; Eurycercus, 22.6; alge, +. 

Summary.—Food: Insect larve, 27.5; amphipods, 49.2; cladocerans, 22.6; alge, +. 

Station 23; August 9; number examined, 3. Lengths: 32.5; 30.5; 25.4. Food: Chironomid larve, 
11.6; Chironomus fulviventris larve, 3.3; C. viridis larve, 3.3; C. lobiferus larve, 6.3; Tanytarsus exiguus 
larve, 6.3; Hyalella, 40; ostracods, 5; Cyclops, 1.3; Chydorus sphericus, 3.3; Ceriodaphnia, 3.3; Eurycer- 
cus, 8.3; oligochetes, 6.3. 

Summary.—Food: Insect larve, 30.8; amphipods, 40; ostracods, 5; copepods, 1.3; cladocerans, 14.9; 
oligochetes, 6.3. 

Grand summary for 1914 and 1915.—Number examined, 149. Length: Maximum, 67.5; minimum, 
25.4; average, 40.4. Food: Fish embryos, 0.8; insect eggs, 0.8; insect larvae, 23.4; pupe, 1.7; adult 
insects, 2.7; mites, 3; amphipods, 14.1; ostracods, 15.7; copepods, 4.9; cladocerans, 15.3; Spheride, 0.4; 
snails, 3.5; oligochetes, 2; nematodes, +; plant remains, 5.5; alge, 0.9; silt and débris, 4.2. 

The top minnow ate 36 per cent entomostracans and 28 per cent insects, as well as amphipods, plant 
remains, the débris from the bottom and the surface of plants, molluscs, etc. Forbes and Richardson 
(1908) reported the food of this species to be insects, amphipods, snails, and plant seeds. The large per- 
centages of ostracods, oligochetes, and Chydoride and the species of insect larvae found in the present 
investigation indicate that the top minnow frequently feeds near the bottom or among vegetation. 


Labidesthes sicculus (Cope). Brook silverside. , 

Data for 1914 (Pearse, 1915).—Number examined, 50. Length: Maximum, 47.9; minimum, 15.4; 
average, 35.7. Food: Insect larve, 5.1; pupa and adult insect, 42.4; mites, 0.1; ostracods, +-; copepods, 
8.1; cladocerans, 27.3; rotifers, +; protozoans, +; plant remains, 2.5; alge, 8; silt and débris, 3.3. 

Station 23; August 11, 1915; number examined, 1. Length: 25.3. Food: Tanytarsus adults, 40; 
Cyclops, 15; Chydorus sphericus, 37; Ceriodaphnia, 8. 

Station 18; August 14; number examined, 10. Length: Maximum, 27; minimum, 11.5; average, 
20.5. Food: Chironomus eggs, 9.5; chironomid larvae, 5; Probezzia pallida adult, 11.5; ostracods, 0.3; 
Cyclops, 24.7; Chydorus sphzricus, 0.4; Ceriodaphnia, 37.4; Bosmina, 7.3; Pleuroxus procurvatus, 0.1; 
Camptocercus, 0.2; ephippial eggs, 3.5. 

Summary.—Food: Insect eggs, 9.5; insect larvee, 5; adult insects, 11.5; ostracods, 0.3; cladocerans, 
48.9. 
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Station 19; August 18; number examined,9. Length: Maximum, 36; minimum, 22; average, 28.2. 
Food: Chironomid larve, 2.2; Chironomus viridis pupe, 44.6; C. tentans, pupe, 5.3; Tanytarsus adult, 
2.2; Chironomus viridis adult, 2.7; Cyclops, 5.6; Ceriodaphnia, 37. 

Summary.—Food: Insect larvee, 2.2; pup, 49.9; adults, 4.9; copepods, 5.6; cladocerans, 37. 

Station 18; August 18; Number examined, 5. Length: Maximum, 33; minimum, 25; average, 28. 
Food: Corethra larve, 0.6; Chironomus viridis adult, 28.8; spider, 0.2; Cyclops, 11; Chydorus, 0.4; 
Ceriodaphnia, 58; Daphnia hyalina, r. 

Summary.—Food: Insect larve, 0.6; adult insects, 28.8; spider, 0.2; copepods, 11; cladocerans, 
59-4- 

Station 23, west of mouth of Yahara Canal in Lake Monona; August 19; number examined, 5s. 
Length: Maximum, 38.5; minimum, 21.5; average, 31.2. Food: Caterpillar, 1.4; Chironomus viridis 
pup, 23; Tanytarsus adult, 3.5; Chironomus viridis adult, 33; C. digitatus adult, 2.6; C. tentans adult, 
6; spider, 5; Cyclops, 0.6; Chydorus, 4.4; Pleuroxus, +; Daphnia hyalina, 20.4. 

Summary.—Food: Insect larvae, 1.4; pup, 23; adults, 45.1; spider, 5; copepods, 0.6; cladocerans, 
24.8. 

Station 24; August 19; number examined, 5. Length: Maximum, 41.5; minimum, 20.5; average, 
28. Food: Chironomus viridis larve, 5; Chironomus viridis pupe, 82.8; Chironomus viridis adults, 5.2; 
C. tentans adults, 3.8; spider, 0.2; Cyclops, 2.6; Chydorus, 0.4. 

Summary.—Food insect larve, 0.5; pupz, 82.8; adults, 9; spider, 0.2; copepods, 2.6; cladocerans, 0.4. 

Station 23, at mouth of river; August 19; number examined, 5. Length: Maximum, 41.5; minimum, 
21.5; average, 31.5. Food: Corethra larve, 3; Chironomus viridis pupe, 45; Tanytarsus adult, 5; Chirono- 
mus viridis adult, 6; C. digitatus adult, 21; spider, 1; Cyclops, 1; Ceriodaphnia, 7; Eurycercus, rr. 

Summary.—Food: Insect larvee, 3; pup, 45; adults, 32; spider, 1; copepods, 1; cladocerans, 18. 

Station 5; August 25; number examined, 4. Length: Maximum, 80.5; minimum, 30.3; average, 
54.4. Food: Cyclops, 15.5; Chydorus, 7; Bosmina, 74.4; Camptocercus, 2.2; rotifers, 0.2; Closterium, 0.2. 

Summary.—Food: Copepods, 15.5; cladocerans, 83.6; rotifers, 0.2; alge, 0.2. 

Station 6; August 25; number examined, 6. Length: Maximum, 77; minimum, 25.5; average, 41.6. 
Food: Chironomus viridis pupe,* 52.5; C. tentans pupa, 14.4; Tanytarsus adult, 2.8; Chironomus viridis 
adult, 6.6; Cyclops, 3; Ceriodaphnia, 19.6; Bosmina, 1.6. 

Summary.—Food: Insect pup, 66.9; adults, 9.4; copepods, 3; cladocerans, 21.2. 

Grand summary for 1914 and 1915.—Number examined, too. Length: Maximum, 77; minimum, 
11.5; average, 40.9. Food: Insect eggs, 1.4; insect larve, 5.2; insect pupa, 16.4; adult insects, 28.3; 
spiders, 0.3; mites, +; ostracods, +-; copepods, 8.7; cladocerans, 32; rotifers, +; protozoans, +; alge, 4. 

The silverside is more of a ‘‘top-minnow’’ than the top-minnow (Fundulus diaphanus menona) 
itself. The fact that its food contains 44.6 per cent adult insects and pupz, 40.7 per cent entomostracans, 
and only a trace of ostracods can be interpreted in no other way. Forbes and Richardson (1908) stated 
that this species feeds on animal plankton, chironomid larve, land insects, and spiders. One fish 
they examined had eaten a very small minnow. Baker (1916) found the stomachs of the fish he exam- 
ined to contain a large percentage of insects and small amounts of Crustacea, Acarina and Bryozoa. 


Lepisosteus osseus (Linneus). Long-nosed gar, billfish. 

Station 28; September 14, 1915; number examined, 1. Length: 650. Food: Lepomis incisor, 100. 

Station 23; September 21; numberexamined,1. Length:218. Food: Lepomisincisor, 98; Simulium 
vittatum larve, 2. 

Station at Oconomowoc Lake; number examined, 1. Length: 180. Food: Labidesthes sicculus, 
go; Chironomus adults, ro. 

Station 22; July 1, 1916; number examined, 5. Length: Maximum, 652; minimum, 480; average, 
577- Food: Fish, 40; minnow remains, 40; Enallagma antennatum nymphs, 20. 

Station 20; July 3; number examined, 1. Length: 600. Food: Johnny darter, too. 

Station 22; July 8; number examined, 1. Length: 416. Food: Fish, too. 

Summary for 1915 and 1916.—Number examined, 10. Length: Maximum, 652; minimum, 180; 
average, 494.9. Food: Fish, 88.8; insect larve, 10.2; adult insects, 1. 

The youngest gars examined fed somewhat on insects and larve, but the chief food of all was small 
fishes. Forbes and Richardson (1908) reported nothing but small fish for the food of this species. 
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Lepomis incisor Cuvier and Valenciennes. Bluegill, blue sunfish. 

Data for 1914 (Pearse, 1915).—Number examined, 49. Average length, 30.8. Food: Insect larve, 
22.8; adult insects, 26; mites, 1.2; amphipods, 23.1; copepods, 16.4; cladocerans, 31; oligochztes, 0.2; 
nematodes, +; rotifers, +; plants, 1.3; alge, 0.4. 

Station 13; April ro, 1915; number examined, 7. Length: Maximum, 108; minimum, 53; average, 
87.7. Food: Chironomus fulviventris larve, 9.9; C. decorus larve, 0.4; Leptocella uwarowii larve, 
0.4; Heptagenia interpunctata larve, 0.4; Hyalella, 18.5; Chydorus sphericus, 0.3; plant remains, 27.1; 
fine débris, 42.1. 

Summary.—Food: Insect larva, 11.1; amphipods, 18.5; cladocerans, 0.3; plants, 27.1; fine débris, 
42.1. 

Station 13; April 13; number examined, 14. Length: Maximum, 105; minimum, 46; average, 
80.1. Food: Insect eggs, 0.3; chironomid larve, 0.7; Tanypus monilis larve, 0.7; Chironomus viridis 
larve, 0.7; C. digitatus larve, 4; C. palliatus larve, 3.1; C. lobiferus larve, 0.7; C. fulviventris larve, 
2.1; C. decorus larve, 2.2; Cricotopus trifasciatus larve, 0.2; Orthocladius sordidellus larve, 1; Pro- 
cladius larve, 6.2; Hydroptila larve, 2.8; Agraylea larve, 0.3; May-fly nymphs, 2.3; Heptagenia inter- 
punctata larve, 2.4; Enallagma hageni nymphs, 14.2; Chironomus lobiferus pup, 0.7; C. tentans 
pupe, 0.8; Hyalella, 3.5; ostracods, 0.2; Cyclops, 8; Canthocamptus, 2.7; snail eggs, 5.7; plant remains, 
8.5; alge, 5.3; Aphanothece, 17.1; silt and débris, 2.4. 

Summary.—Food: Insect larve, 43.6; pupe, 1.5; amphipods, 3.5; ostracods, 0.2; copepods, 10.7; 
snail eggs, 5.7; plants, 8.5; alge, 22.4; silt and débris, 2.4. 

Station 21, on south shore of Lake Wingra; April 28; number examined, 1. Length: 27.5. Food: 
Chironomus lobiferus larve, 5; Cyclops, 84; Chydorus sphzricus, rr. 

Station 5; May 12; number examined, 5. Length: Maximum, 58; minimum, 32; average, 47.1. 
Food: Insect larve, 1; chironomid larve, 15; Chironomus lobifererus larve, 1.2; C. decorus larve, 
+; C. fulviventris larve, 4; Pelopia monilis larve, 0.1; Cricotopus trifasciatus larve, 5.9; Corethra 
larve, 6.4; May-fly nymphs, 17; Siphlurus nymphs, 7; chironomid pupe, 2.4; Cricotopus trifasciatus 
adults, 5; adult midges, 5; mites, 1.8; Arrhenurus, 2; Hyalella, 24.2; ostracods, 0.7; Eurycercus, 0.8; 
Chydorus sphericus, 0.5; alge, o.1. . 

Summary.—Food: Insect larve, 56.6; pupe, 2.4; adult insects, 10; mites, 3.8; amphipods, 24.2; 
ostracods, 0.7; cladocerans, 1.3; alge, o.1. 

Station 16; May 15; number examined, 7. Length: Maximum, 56; minimum, 41; average, 48.8. 
Food: Insect larve, 0.7; Cricotopus trifasciatus larve, 77.4; Orthocladius sordidellus larve, 7; Pro- 
bezzia pallida larve, 0.9; P. glaber larve, 0.7; chironomid pupe, 7; Hyalella, 5.6; ostracods, 0.4; 
Planorbis, 0.1; alge, o.1. 

Summary.—Food: Insect larve, 86.7; pupe, 7; amphipods, 5.6; ostracods, 0.4; Planorbis, 0.1; 
alge, o.1. 

Station 3; June 4; number examined, 2. Lengths: 115,117. Food: Helea larve, 1.5; chironomid 
larve, 1; Chironomus lobiferus larvae, 1; Simulium vittatum larve, 10; Peltodytes edentulus larve, 
2.5; Tabanus pupe, 5; Hyalella, 3.5; ostracods, 0.4; Eurycercus, 52.5; Physa,o.5; leech, 17.5; plants, 5. 

Summary.—Food: Insect larve, 16; pupe, 5; amphipods, 3.5; cladocerans, 52.5; snails, 0.5; 
leech, 17.5; plants, 5. 

Station 23; June 14; number examined, 2. Lengths: 44, 42. Food: Chironomus tentans larve, 5; 
Orthocladius sordidellus larve, 5; Chironomus lobiferus pup, 5; Orthocladius sordidellus pupe, 7.5; 
chironomid pupe, 4; Hyalella, 73.5. 

Swmmary.—Food: Insect larve, 10; pup, 16.5; amphipods, 73.5. 

Station 2; June 15; number examined, 7. Length: Maximum, 58; minimum, 43.5; average, 50.1. 
Food: Helea larve, 0.4; chironomid larve, 3.5; Chironomus fulviventris larve, 4.4; Orthocladius sor- 
didellus larve, 4.5; Orthocladius sp. larve, 1.2; Protenthes monilis larve, 1.4; Probezzia pallida larve, 
2.5; caddis-fly larva and case, 1.4; Cenis diminuta nymphs, 13; Callibetis nymphs, 11; Enallagma 
hageni nymphs, 9; E. antennatum nymphs, 1; Chironomus lobiferus pupe, 17; mites, 1; Hyalella, 16; 
ostracods, 2; Cyclops, 2; Eurycercus, 1; Chydorus, 0.1; ephippial eggs, 0.1; Planorbis, 6.8. 

Summary.—Food: Insect larve, 53.3; pup, 17; mites, 1; amphipods, 16; ostracods, 2; copepods, 
2; cladocerans, 1.2; snails, 6.8. 

Station 27; June 17; number examined, 8. Length: Maximum, 124; minimum, 69; average, 
100.9. Food: Chironomus lobiferus larve, 13.1; Palpomyia longipennis larve, 8; Orthocladius sor- 
didellus larve, 12; Probezzia pallida larve, 10.2; caddis-fly larve in cases, 7.2; Chironomus lobiferus 
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pup, 15; Orthocladius sordidellus pupz, 9.8; Palpomyia longipennis pupe, 1; Probezzia pallida 
pup, o.2; adult midges, +; Corixa adults, 11.4; Camponotus adult, 0.1; mites, 0.2; Lebertia, 2; 
Hyalella, 8.1; ostracods, o.1; Eurycercus, 2.5. 

Summary.—Food: Insect larva, 50.5; pup, 26; adult insects, 11.5; mites, 2.2; amphipods, 8.1; 
ostracods, 0.1; cladocerans, 2.5. 

Station 28; June 17; number examined, ro. Length: Maximum, 83; minimum, 39.5; average, 
58.9. Food: Insect larve, 0.5; Chironomus tentans larve, 5-8; C. lobiferus larve, 1.4; Orthocladius 
sordidellus larve, 26; Probezzia pallida larve, 1.5; Corethra larve, 0.5; May-fly nymphs, 3.6; Ecdyu- 
rus maculipennis nymphs, 11.5; Canis diminuta nymphs, 3.5; Enallagma antennatum nymphs, 2; 
chironomid pupe, 5; Chironomus lobiferus pup, 1.1; C. tentans pup, 0.2; Orthocladius sordidellus 
pupe, 20.9; Corixa adults, 10.7; mites, 0.2; Cyclops, 0.5; Eurycercus lamellatus, 4.8; Camptocercus, 0.1. 

Summary.—Food: Insect larve, 55.7; pup#, 27.2; adult insects, 10.7; mites, 0.2; copepods, 0.5; 
cladocerans, 4.9. 

Station 3; June 24; number examined, 10. Length: Maximum, 68.5; minimum, 44; average, 54.8. 
Food: Tanypus monilis, 1.6; Chironomus tentans larve, 6.3; C. digitatus larve, 0.4; C. lobiferus larve, 
14; Palpomyia longipennis larve, 4.5; Orthocladius sordidellus larve, 25.8; Probezzia pallida larve, 
13.8; Leptocella larva and case, 2.8; May-fly nymphs, 2.3; Ecdyurus nymphs, 6.2; Peltodytes eden- 
tulus larve, 0.3; Chironomid pupe, 1.5; Chironomus digitatus pupz, o.5; Orthocladius sordidellus 
pupe, 3.4; Probezzia pallida pupe, 0.7; sawfly adult, o.2; Chironomus lobiferus adults, 7.7; mites, 0.1; 
Hyalella, 0.9; ostracods, 0.1; Eurycercus, 0.3; Planorbis, 5.2; Physa, 0.3. 

Summary.—Food: Insect larve, 78; pup, 6.1; adult insects, 7.9; amphipods, 0.9; ostracods, 0.1; 
cladocerans, 0.3; snails, 5.5. 

Station 18; July 3; number examined, 10. Length: Maximum, 65; minimum, 33.8; average, 45.4. 
Food: Tanypus monilis larve, 0.3; Chironomus viridis larve, 0.3; C. digitatus larve, 4.4; C. palliatus 
larve, 6.3; Cricotopus trifasciatus larve, 0.2; Orthocladius sordidellus larve, 3.4; Procladius larve, 12; 
May-fly nymphs, 0.2; Peltodytes edentulus larve, 0.2; C. lobiferus pupe, 2.7; C. tentans pupe, 1.2; 
mites, 3.2; Hyalella, 9.8; cladocerans, 8.4; Eurycercus, 47.1. 

Summary.—Food: Insect larve, 27.3; pupz, 3.9; mites, 3.2; amphipods, 9.8; cladocerans, 55.5. 

Station 23; July 9; number examined, 5. Length: Maximum, 80; minimum, 54; average, 65.7. 
Food: Insect larve, 15; Chironomus tentans larve, 4.2; C. fulviventris larve, 3.4; Leptocella uwarowii 
larve, 3.6; May-fly nymphs, 0.4; chironomid pupa, 12; Chironomus viridis pupz, 0.6; Corixa adults, 2; 
leaf-hopper, 2; mites, 0.2; Hyalella, 19.4; Physa, 28.2; leech, rr. 

Summary.—Food: Insect larve, 26.6; pupz, 12.6; adult insects, 4; mites, 0.2; amphipods, 19.4; 
snails, 28.2; leech, 11. 

Station 13; July 23; number examined, 2. Lengths: 60, 37. Food: Insect larve, 1; Probezzia 
glaber larve, 25; chironomid larve, 1; C. tentans larve, 3; C. lobiferus larve, 12; Probezzia glaber pupe, 
2.5; Hyalella, 44; Chydorus sphericus, 1.5; Phrysa, 32.5. 

Summary.—Food: Insect larve, 19.5; pup, 2.5; amphipods, 44; cladocerans, 1.5; snails, 32.5. 

Station 23; July 23; number examined, 3. Lengths: 73, 71, 65. Food: Chironomus viridis larve, 
11.3; C. vulviventris larve, 37.6; C. tentans larve, 8.3; Pelopia monilis larve, 6; Probezzia glaber larve, 
0.6; Hydroptila larve, 0.3; Simulium vittatum larve, 1.6; Peltodytes edentulus larve, 0.6; Chironomus 
viridis pupe, 4.3; Arrhenurus, 0.1; Hyallela, 5; Ancylus, 0.3; Planorbis, 0.3; Physa, 21.6; snail eggs, 0.6. 

Summary.—Food: Insect larve, 66.3; pup, 4.3; mites, 0.1; amphipods, 5; snails, 22.8. 

Station 7, in swamp along shore; August 25; number examined, 4. Lengths: 30, 27.5, 17.8, 15. 
Food: Tanypus monilis larve, 3.7; Canis diminuta nymphs, 1.2; Corixa adult, 1.2; Cyclops, 30.1; Cantho- 
camptus, 2.5; Bosmina longirostria cornuta, 28.4; Camptocercus, 5; Eurycercus, 20; alge, 9. 

Summary.—Food: Insect larve, 4.9; adult insects, 1.2; copepods, 30.1; cladocerans, 53.4; alge, 9. 

Grand summary for 1914 and 1915.—Number examined, 149. Length: Maximum, 115; minimum, rs; 
average, 51.1. Food: Insect larve, 38; pupe, 6; adult insects, 2.2; mites, 0.7; aquatic isopods, +; 
amphipods, 14.4; ostracods, 0.4; copepods, 7.9; cladocerans, 16.6; gastropods, 4.5; oligochztes, o.1; 
leeches, 0.6; nematodes, +; rotifers, +-; plants, 2.9; alge, 2.3; silt and débris, 2.2. 

The bluegill feeds mostly on insects (46.2 per cent) and entomostracans (24.9 per cent). Its shape 
and its food indicate that it feeds much among water plants. Forbes and Richardson (1908) found the 
food to consist of a trace of fishes, some snails, 45 per cent insects, and many medium-sized crustaceans. 
They state that this species eats more large insect larve than any other sunfish. Hankinson (1908), 
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found insect larve, midges, and crayfish; after the middle of May, crayfishes, grasshoppers, crickets, 
beetles, and entomostracans. Reighard (1915) found the bluegill only in shallow water among vegeta- 
tion. Its food was plants, bryozoans, insects, mites, and ostracods. 


Micropterus dolomieu Lacépéde. Smallmouth black bass. 


Data for 1914 (Pearse, 1915).—Stations 19 and 24; number examined, 2. Lengths: 78, 59. Food: 
Dipterous larve, 10; adult Diptera, 5; Corixa, 85. 

Station 28; August 19, 1915; number examined, 1. Length: 181. Food: Minnow, 40; Chironomus 
lobiferus larve, 5; Corixa adults, 15; plant remains, 5; alge, 10; silt and débris, 25. 

Station 24; August 19; number examined, 3. Lengths: 175, 148, 132. Food: Fish remains, 29.9; 
Lepomis incisor, 30; May-fly nymphs, 5; Corixa adults, 32.6; plant remains, 1.3; filamentous alge, 1. 

Station 12; August 20; number examined, 8. Length: Maximum, 48.5; minimum, 29; average, 36. 
Food: Chironomus digitatus larvae, 20; Baetisca nymphs, 22.5; Cenis diminuta nymphs, 0.3; Ecdyurus’ 
maculipennis nymphs, 9; Chironomus lobiferus pupe, 2: C. digitatus pupz, 7; C. flavescens adults, 
5.6; Limnephilus adult, 2; Corethra adult, 17; Daphnia longispina hyalina, 4; Eurycercus lamellatus, 
0.2; Ceriodaphnia, 1.8; Bosmina, +; oligochetes, 8.6. J 

Summary.—Food: Insect larve, 51.8; pup, 9; adult insects, 25.2; cladocerans, 6; oligochetes, 8.6. 

Station 14; August 31; number examined, 1. Length: 33.5. Food: Protenthes cuticiformis larve. 
40; Chironomus viridis pupz, 18; C. lobiferus pupz, 19; Tanytarsus monilis pup, 18; Eurycercus, 5. 

Summary.—Food: Insect larve, 40; pupz, 55; cladocerans, 5. 

Grand summary for 1914 and 1915.—Number examined, 15. Length: Maximum, 181; minimum, 29; 
average, 72.5. Food: Fish, 14.7; insect larve, 33.1; pupe, 7.6; adult insects, 32.1; cladocerans, 3.4; 
oligochztes, 4.6; plants, 0.6; alge, 0.8; silt and débris, 1.5. 

The food of the young smallmouth black bass apparently consists largely of insects and their larve. 
Adults eat fish, crayfish, frogs, and plants as well. Forbes and Richardson (1908) examined only three 
specimens and found one-third fishes and two-thirds crayfishes. Tracy (1910) reports small fish, insects 
and their larve, and crustaceans. Reighard (1915) examined eight and found crayfish, a frog, and fishes. 


Micropterus salmoides Lacépéde. Largemouth black bass. 

Data for 1914 (Pearse, 1915).—Number examined, 25. Length: 64.4. Food: Fish, 17.8; insect 
larve, 31.6; adult insects, 40.6; Hyalella, 3.8; copepods, +; cladocerans, 2.5; plants, 1.6. 

Station 71; April 17, 1915; number examined, 1. Length: 225. Food: Fish g5; leech, s. 

Station 17; April 25; number examined, 1. Length: 470. Food: Ostracods, 0.1; diatoms, 0.4; 
Aphanothece, 20; filamentous alge, 24.5; plant remains, 50; débris, 5. 

Summary.—Food: Ostracods, 0.1; alge, 44.9; plant remains, 50; débris, 5. 

Station 3; June 24; number examined, 1. Length: 81. Food: Ecdyurus maculipennis nymphs, 
Io; Enallagma antennatum nymphs, 20; dipterous adult, 5; Corixa adult, 30; crayfish, 20; Hyalella, 15. 

Station 23; July 9; number examined, 3. Lengths: 32, 30.3, 29.5. Food: Chironomid larve, 
10; Chironomus fulviventris larve, 6.3; C. tenellus larve, 17; C. tentans larve, 0.6; May-fly nymphs, 1; 
Dytiscus hybridus larve, 5; Chironomus tenellus pupe, 16; adult midges, 6.6; Simulium vitattum adults, 
8.3; Cyclops, 20; Chydorus sphericus, 2; ephippial eggs, 0.2; oligochetes, 6.6; Oscillaria, 0.3. 

Summary.—Food: Insect larve, 39.9; pupz, 16; adult insects, 8.3; copepods, 20; cladocerans, 2.2; 
oligochetes, 6.6; alge, 0.3. 

Station 23; July 12; number examined, 1. Length: 33. Food: Chironomus fulviventris larve, 
35; Anax junius nymphs, 8; C. fulviventris pup, 20; Corixa adult, 7; oligochztes, 30. 

Station 5; August 9; numberexamined,1. Length: 41.6. Food: May-fly nymphs, 65; Hyalella, 35. 

Station 17; August 23; number examined, 1. Length: 147. Food: Adult dragon fly, roo. 

Station 23, in pool in Tenney Park; August 11; number examined, 1. Length: 62. Food: Cyclops, 
65; Simocephalus, 10; Eurycercus lamellatus, 25. 

Station 3; August 18; number examined, 12. Length: Maximum, 62; minimum, 38.3; average, 
50.8. Food: Chironomus fulviventris larve, 0.3; Betisca nymphs, 23.2; Canis diminuta nymphs, 3.6; 
Corixa nymphs, 1.1; C. lobiferus pupz, 0.8; Corixa adults, 30; Micronecta adult, 0.4; Hyalella, 25; 
ostracods, 0.3; Eurycercus lamellatus, 12.4; ephippial eggs, 1.2; seeds, 0.2. 

Summary.—Food: Insect larve, 29.4; pupe, 0.8; adult insects, 30.4; Hyalella, 25; ostracods, 0.3; 
cladocerans, 13.6; plants, 0.2. 
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Station 5; August 18; number examined, 3. Lengths: 68.5, 58, 49.5. Food: May-fly nymphs, 20; 
Corixa adults, 55; Hyalella, 25. 

Station 18; August 18; number examined, 15. Length: Maximum, 64; minimum, 36; average, 46.4. 
Food: Fish remains, 5.3; chironomid larve, 0.6; Chironomus viridis larve, 1; Protenthes choreus larve, 
1.3; Corethra larve, 1.3; May-fly nymphs, 0.6; Betisca nymphs, 4.3; Naucoris nymphs, 2.4; Corixanymph, 
0.6; Chironomus viridis pupe, 3; adult midges, 3.3; adult Diptera, 2; Chironomus viridis adults, 2.3; 
adult Corixas, 0.6; Halictus adults, 0.6; Platyphylax subfasciatus adults, 4; Hyalella, 17; ostracods, 0.3; 
Diaptomus, 0.4; Cyclops, 7.5; Ceriodaphnia, 21.6; Eurycercus, 0.4; Daphnia longispina hyalina, 18.6; 
Bosmina, +; Pleuroxus, +; Camptocercus, 0.3; Scapholeberis, +-; Aphanothece, 0.3. 

Summary.—Food: Fish remains, 5.3; insect larve, 12.1; pup, 3; adult insects, 7.4; amphipods, 17; 
ostracods, 13; cladocerans, 40.9; alge, 0.3. 

Station 8; August 20; number examined, 5. Length: Maximum, 64; minimum, 47; average, 52.6; 
Food: Probezzia glaber larve, 0.2; Betisca nymphs, 12; Ecdyurus maculipennis nymphs, 0.8; Enallagma 
antennatum nymphs, 1; Naucoris nymph, 1; Corixa adults, 30.8; Agraylea multipunctata adult, 1; Lep- 
tid adult, 7; Tabanid fly, 3; Hyalella, 29.8; Ceriodaphnia, 8.6; Eurycercus, 4.4; Aplexa hypnorum, o.4. 

Summary.—Food: Insect larve, 14; adult insects, 41.8; amphipods, 29.8; cladocerans, 13; snail, 0.4. 

Station 14; August 31; number examined, 3. Lengths: 44, 42.6, 42. Food: Batisca nymphs, 15; 
Cenis diminuta nymphs, 3.3; Chironomus adults, 6.6; Agraylea multipunctata adults, 13.3; Hyalella, 
26.3; Chydorus sphericus, 1.6; Ceriodaphnia, 33; chydorid, 0.3; Camptocercus, 0.3. 

Summary.—Food: Insect larve, 18.3; adult insects, 19.9; amphipods, 26.3; cladocerans, 35.2. 

Station 1; September 1; number examined, 2. Lengths: 46, 38. Food: Betisca nymphs, 16.5; 
chironomid pupe, 1.5; Chironomus viridis pupe, 6; C. v. adults, 6.5; Hyalella, 1.5; ostracods, 0.5; Chy- 
dorus, 1; Simocephalus, 41.5; Eurycercus, 25. 

Summary.—Food: Insect larve, 16.5; pup, 2.1; adult insects, 6.5; amphipods, 1.5; ostracods, 0.5; 
cladocerans, 67.5. : 

Station 29; November 16; number examined, 3. Lengths: 338, 327, 270. Food: Frog, 6.6; fish, 
33-3; crayfish, 60. 

Grand summary for 1914 and 1915—Number examined, 78. Length: Maximum, 470; minimum, 
29.5; average, 66.8. Food: Frogs, 0.2; fish, 8.7; insect larve, 23; pupa, 3.1; adult insects, 28.1; cray- 
fishes, 2.6; amphipods, 13.9; ostracods, 0.1; copepods, 2.9; cladocerans, 15.1; snails, +; oligochetes, 0.7; 
leech, +; plant remains, 1.2; alge, 0.7; fine débris, o.1. 

The largemouth black bass feeds more on insects and their larve (34.2 per cent) than anything else, 
though amphipods (13.9 per cent), entomostracans (18.1 per cent), and fish (8.7 per cent) are also taken 
in considerable quantities. Young individuals eat more small insects and entomostracans than adults. 
The largest bass examined ate nothing but fish, crayfish, and frogs. Forbes and Richardson (1908) 
found the food of this species to consist of fish and crayfishes. Hankinson (1908) stated that crayfishes 
and insect larvz are the most important foods. Tracy (1910) mentioned small fish, crayfishes, frogs, 
insects, and all other aquatic animals of suitable size. Reighard (1915) found perch and crayfish in 
those he examined. 


Notropis heterodon (Cope). Shiner, minnow. 

Data for 1914 are not reliable and therefore not included in this paper. 

Station 17; April 6, 1915; number examined, ro. Lengths: Maximum, 49.6; minimum, 18.7; aver- 
age, 34.4. Food: Pelopia larye, 2.5; Chironomus larve, 13; adult midges, 13; ostracods, 1; Cyclops and 
nauplii, 19.5; Camptocamptus, 4.5; Chydorus, 6.5; cyst, 0.5; rotifers, 9.3; plant remains, 2; filamentous 
alge, 10; Pleurococcus, 5.9; desmids and diatoms, o.1; fine débris, rr.2. 

Summary.—Food: Insect larve, 16; adult insects, 13; ostracods, 1; copepods, 24; cladocerans, 6.5; 
rotifers, 9.3; plants, 2; alge, 16; fine débris, rr.2. 

Station 17; April 7; number examined, 7. Length: Maximum, 50; minimum, 24.5; average, 34.7. 
Food: Chironomus larve, 1.4; adult midges, 2; mites, 10; ostracods, 3; Cyclops, 33; Canthocamptus, 8; 
Chydorus, 4; cladocerans, 1.4; ephippial eggs, 4.7; rotifers, 12; Pandorina, 0.6; plant remains, 7; Wolffa, 
10; filamentous alge, 3.1; desmids and diatoms, o.1; fine débris, 8.2. 

Summary.—Food: Insect larve, 1.4; adult insects, 2; mites, 1.4; ostracods, 3; copepods, 41; cladoc- 
erans, 10.1; rotifers, 12; plants, 17; alge, 3.8; débris, 8.2. 
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Station 5; May 12; number examined, 8. Length: Maximum, 47.5; minimum, 28.6; average, 36.3. 
Food: Chironomus larve, 2.5; Camptocercus, 0.1; Chydorus, 27.8; cladocerans, 1.2; plant remains, 1; 
filamentous alge, 49.5; fine débris, 17.7. 

Summary.—Food: Insect larve, 2.5; cladocerans, 29.1; plants, 1; alge, 49.5; débris, 17.7. 

Station 16; May 15; number examined, 6. Length: Maximum, 54; minimum, 26; average, 31.9. 
Food: Insect eggs, 8; Orthocladius sordidellus larve, 6.6; Chironomus larve, 14.1; ostracods, 0.5; Cyclops, 
11.6; Canthocamptus, 20.5; Pleuroxus, +-; Chydorus, 0.1; oligochztes, 29.1; Oscillaria, 3.3; desmids and 
diatoms, 4.5. 

Summary.—Food: Insect larve, 28.7; ostracods, 0.5; copepods, 32.1; cladocerans, 0.1; oligochetes, 
29.1; alge, 7.8. 

Station 5; June 1; number examined, 1. Length: 47.5. Food: Chironomus larve, 85; Cyclops, 
9; chydorids, 6. 

Station 5; June 24; number examined, 9. Length: Maximum, 42.6; minimum, 32.2; average, 
36.2. Food: Orthocladius sordidellus larve, 2.5; Tanytarsus dives larve, 2.5; Chironomus larve, o.1; 
C. tentans larve, 10; Heptagenia interpunctata larve, 6.1; Orthocladius sordidellus pupe, 21.5; Chirono- 
mus pupe, 11.1; Tanytarsus dives adults, 1.6; Hydroptilus undulatus adults, 4.3; Stenelmis crenatus 
adult, 2.6; ephippial eggs, 2.2; Wolffia, 14; sand, 21.5. , 

Summary.—Food: Insect larve, 21.2; pup, 32.6; adult insects, 8.5; cladocerans, 2.2; plants, 14; 
sand, 21.5. 

Station 19; July 3; number examined, 11. Length: Maximum, 45; minimum, 35; average, 39.9. 
Food: Chironomts lobiferus larve, 3.4; Cricotopus trifasciatus larve, 4.5; adult insects, 1.3; mites, 1; 
Eurycercus, 5; Bosmina, 1; Ceriodaphnia, 0.5; Daphnia longispina hyalina, 42.6; Daphnia, 5.4; Pleu- 
roxus, 0.1; Chydorus, 13.5; chydorids, 1.4; Wolffia, 3.2; filamentous alge, 16.8. 

Summary.—Food: Insect larve, 7.9; adult insects, 1.3; mites, 1; cladocerans, 69.5; plants, 3.2; 
alge, 16.8. 

Station 18; August 18; number examined, 8. Length: Maximum, 49; minimum, 24; average, 
35.7. Food: Chironomus larve, 0.6; Corethra adults, 6.3; Trizenodes flavescens adults, 5.6; sapromyzid 
fly, 2; Ceriodaphnia, 25.5; Daphnia longispina hyalina, 58.8; Chydorus sphericus, 1.2. 

Summary.—Food: Insect larve, 0.6; adult insects, 13.9; cladocerans, 85.5. 

Station 18; August 21; number examined, 10. Length: Maximum, 30.5; minimum, 16.8; average, 
24.5. Food: Chironomus larve, 1; Corethra adults, 7; Chironomus tantans adults, 6; C. viridis adults, 
25; Probezzia glaber adults, 6.2; chalcid fly, 4.3; Hyalella, 0.8; Cyclops, 8.5; Camptocercus, 1; Bos- 
mina, 5.5; Ceriodaphnia, 27; Daphnia longispina hyalina, 3; ephippial eggs, 3.5; Hydrodictyon, 1.2. 

Summary.—Food: Insect larve, 1; adult insects, 48.5; amphipods, 0.8; copepods, 8.5; cladocerans, 
39; alge, 1.2. 

Station 17; August 23; number examined, 10. Length: Maximum, 33; minimum, 19.8; average, 
24.5. Food: Probezzia larve, 2.5; Chironomus lobiferus larve,'33.3; parnid larve, 0.3; hemipterous 
nymph, 1; Chironomus pup, 2; Tanytarsus dives adults, 1; mites, 2.4; ostracods, 0.5; Cyclops, 7.8; 
Canthocamptus, 0.5; Acroperus, 0.2; Camptocercus, 0.4; Bosmina, 0.5; Simocephalus, 41.2; Chydorus, 
3.9; oligocheetes, 2. 

Summary.—Food: Insect larve, 36.1; pup, 1.2; adult insects, 1; mites, 2.4; ostracods, 0.5; cope- 
pods, 8.3; cladocerans, 46.2; oligochztes, 2. 

Grand summary.—Number examined, 80. Length: Maximum, 54; minimum, 16.8; average, 34. 
Food: Insect eggs, 0.7; insect larve, 12.8; pupe, 4; adult insects, 9.2; mites, 0.5; amphipods, o.1; ostra- 
cods, 0.5; copepods, 11; cladocerans, 33.4; oligochetes, 2.1; rotifers, 2.2; plants, 3.9; alge, 11.7; débris, 
4.1; sand, 2.4. t 

The food of this minnow consists for the most part of entomostracans (44.9 per cent), aquatic plants 
and algz (15.6 per cent), and insects (26.7 per cent). The sparcity of ostracods and oligochetes indi- 
cates that it does not feed on the bottom. The abundance of Canthocamptus, chydordis, alge, and rotifers 
make it probable that the food is secured among aquatic vegetation. Forbes and Richardson (1908) 
found the food to be mostly entomostracans, also insect larvae, amphipods, flowers, seeds, and alge. 
Hankinson (1908) reported adult midges, alge, and a few entomostracans. 
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Perca flavescens (Mitchill). Yellow perch, ring perch, American perch, 

Data for 1914 (Pearse, 1915).—Number examined, 16. Average length: 92.5. Food: Insect larve, 
19.5; adult insects, 2.7; mites, 0.5; Hyalella, 32.8; ostracods, 0.3; copepods, 0.2; cladocerans, 36.6. 

Station 6; June 24, 1915; number examined, 10. Length: Maximum, 127; minimum, 76; average, 
r11.4. Food: Fish eggs, 3; Chironomus plumosus larve, 0.3; C. lobiferus larve, 2.5; Orthocladius 
larve, 8; Cricotopus trifasciatus larve, 1.5; Probezzia larve, 1.2; Enallagma antennatum nymphs, o.5; 
Cenis diminuta larve, 4.1; Heliopsyche borealis larve, 5.1; Leptocella uwarowii larve, 11; Agraylea 
larva, 0.1; Cricotopus trifasciatus pupe, 0.4; Chironomus pupe, 0.2; C. lobiferus pupae, 1; mites, 0.2; 
Hyalella, 40.6; Planorbis, 0.8; Spheridz, 0.8; oligochetes, 3; seeds, 0.1; plant remains, 2.5; fine débris, 7. 

Summary.—Food: Insect larve, 43.3; pup#, 1.6; mites, 0.2; amphipods, 40.6; snails, 0.8; clams, 
0.8; oligocheztes, 3; plants, 2.6; débris, 7. 

Station 5; August 18; number examined, 2. Lengths: 135, 113.5. Food: Canis diminuta larve, 
10; Betisca larve, 5; Chironomus adult, 2.5; Corixa adults, 51.5; Hyalella, 30.7; Arcella, o.1; filamentous 
alge, 0.3. 

Summary.—Food: Insect larve, 15; adult insects, 54; amphipods, 30.7; protozoans, o.1; filamentous 
alge, 0.3. 

Station 15; August 21; number examined, 2. Lengths: 138, 132. Food: Daphnia longispina hya- 
lina, 100. 

Station 17; August 23; number examined, ro. Length: Maximum, 187; minimum, 123; average, 
156.5. Food: Tadpoles, 3.5; Chironomus digitatus larve, 1.1; C. tentans larve, 2.5; C. modestus larve, 
1; Palpomyia longipennis larve, o.2; Aeschna umbrosa nymphs, 12; Enallagma hageni nymphs, 9.6; 
Celithemis eponina nymphs, 1.8; Cenis diminuta nymphs, 3.4; Betisca nymphs, 25.6; neuropteron 
larve, 2.2; Chironomus digitatus pupz, 2.4; Gryllus nymphs, o.1; Corixa adults, 4; Dytiscid beetle, 
0.3; Naucoris adult, 0.1; Scirtes adult, 0.2; Hyalella, 8.3; ostracods, 0.1; Cyclops, +; Eurycercus, 0.1; 
Planorbis, 2.2; Physa, 17.1; Arcella, 0.1; fine débris, 1. 

Summary.—Food: Insect larve, 63.9; pup, 2.6; adult insects, 4.6; amphipods, 8.3; ostracods, 
0.1; cladocerans, 0.1; snails, 19.3; protozoans, 0.1; débris, 1. 

Station 18; August 18; number examined, 3. Lengths of each: 100. Food: Chironomus lobiferus 
larvee, 1.1; C. digitatus larve, 1.2; Probezzia larve, 0.3; Betisca nymphs, 1.3; Chironomus digitatus 
pupe, 2; Triznodes flavescens adults, 1; mites, 1.6; Hyalella, 90.8; Cyclops, o.1; filamentous alge, 0.3. 

Summary.—Food: Insect larve, 3.9; pupe, 2; adult insects, 1; mites, 1.6; amphipods, 90.8; cope- 
pods, 0.1; alge, 0.3. 

Station 18; September 22; number examined, 2. Lengths: 146, 180. Food: Fish, 80; Hyalella, 
17.5; Myriophyllum, 5s. 

Station 15; October 2; number examined, r. Length: 124. Food: Daphnia longispina hyalina, 
95; D. pulex, 5. 

Station 29; October 11; number examined, 2. Lengths: 63.5, 63.5. Food: Chironomus lobiferus 
larve, 15.5; C. decorus larve, 25; Enallagma antennatum nymph, 4o; ostracods, 1; Cyclops, 2.5; Daphnia 
pulex, 7.5; oligochetes, 7.5; diatoms, r. 

Summary.—Food: Insect larve, 80.5; ostracods, 1; copepods, 2.5; cladocerans, 7.5; oligochzetes, 
7-5; alge, 1. 

Station 26; December 4; number examined, 8. Length: Maximum, 280; minimum, 245; average, 
265. Food: Fish, 10; Chironomus decorus larve, 84; Sialis larve, 5.6. 

Station 28; May 30, 1916; number examined, 5. Length: Maximum, 229; minimum, 160; average, 
186. Food: Fish eggs, 0.2; Chironomus lobiferus larvee, 5.4; C. sp. larve, 3.2; Enallagma hageni nymphs, 
16.4; Atax turgidus nymphs, 1; Corixa sp. nymphs, 17.6; Chironomus sp. pup, 7; Hyalella, 15.6; ostra- 
cods, 0.2; Physa, 4; filamentous alge, 11.6; plant remains, 3; mud, 7.6; débris, 3. 

Summary.—Food: Fish eggs, 0.2; insect larve, 43.6; insect pup, 7; amphipods, 15.6; ostracods, 
0.2; Mollusca, 4; alge, 11.6; plants, 3; débris, ro.6. 

Station in Oconomowoc Lake; June 14; number examined, 13. Length: Maximum, 67; minimum, 
54; average, 57.8. Food: Chironomus sp. larve, 8.4; Probezzia glaber larve, 3.4; Procladius sp. larve, 
0.3; Enallagma antennatum nymphs, 7; Chironomus sp. pupz, 4.7; Hyalella, 18.7; ostracods, 0.3; Cyclops, 
32.7; Daphnia, 18.8; Chydorus sphericus, 2.3; Eurycercus, 0.5; Physa, 0.6; filamentous alge, 1.4. 

Summary.—Food: Insect larve, 19.1; insect pupz, 4.7; amphipods, 18.7; entomostracans, 54.6; 
Mollusca, 0.6; alge, 1.4. 
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Station 16; June 30; number examined, 10. Length: Maximum, 173; minimum, 139; average, 
149.6. Food: Chironomus sp. larve, 7; Pelocaris femoratus larve, 2; Stratiomyia sp. larve, 1; Enal- 
lagma antennatum nymphs, 4.1; Enallagma hageni nymphs, 5.5; Atax turgidus nymphs, 1.5; Corixa 
sp. nymphs, 30.6; Limnesia, 0.7; Hyalella, 5; Cyclops, 0.2; Eurycercus, 17; Physa, 5; snails, 16.2; plant 
remains, 4.9; débris, o.5. 

Summary.—Food: Insect larve, 51.7; mite, 0.7; amphipods, 5.; entomostracans, 17.2; Mollusca, 
21.2; plants, 4.9; débris, 0.5. 

Station 17; July 7; number examined, 10. Length: Maximum, 33; minimum, 25; average, 29.6. 
Food: Chironomus fulviventris larve, 1.6; Tanypus decoloratus larve, 6.9; Plea minutissima larve, 
0.1; Corixa sp. nymphs, 1.5; Chironomid adult, o.1; Hyalella, 15.3; ostracods, o.1; Cyclops viridis, 2.9; 
Cyclops, 40.4; Nauplii, 2.7; Daphnia, 0.1; Chydorus sphericus, 8.9; Eurycercus, 11.8; Acroperus, 0.2; 
Ceriodaphnia, 0.1; Pleuroxus procurvatus, 0.5; Bosmina, 6.5. 

Summary.—Food: Insect larve, 10.1; adult insects, 0.1; amphipods, 15.3; Entomostraca, 74.2. 

Station 17; July 19; number examined, 9. Length: Maximum, 38.5; minimum, 34; average, 36.8. 
Food: Chironomus fulviventris larve, 9.1; Chironomus sp. larve, 1.1, Procladius sp. larve, 0.9; Cri- 
cotopus trifasciatus larve, 3.7; May-fly nymphs, 5.5; Hyalella, 55.4; ostracods, 2.5; Cyclops, 0.2; Chy- 
dorus spheericus, 0.7; Eurycercus, 17.2; Ceriodaphnia, 4.6; Pleuroxus procurvatus, 0.3. 

Summary.—Food: Insect larve, 20.3; amphipods, 55.4; Entomostraca, 25.5. 

Station 18; August 7; number examined, 10. Length: Maximum, 54.5; minimum, 45.6; average, 
50.4. Food: Chironomus fulviventris larve, 16.2; May-fly nymphs, 24.9; Enallagma antennatum 
nymphs, 4.5; Corixa sp. adult, 0.3; Hyalella, 39.6; ostracods, 0.8; Cyclops, 0.4; Daphnia, 0.5; Cerio- 
daphnia, 13.9; filamentous alge, 0.9; plant remains, o.2. 

Summary.—Food: Insect larve, 45.6; adult insects, 0.3; amphipods, 39.6; Entomostraca, 15.6; 
alge, 0.9; plants, o.2. 

Station 18; September 13; number examined, 2. Length: Maximum, 185; minimum, 182, aver- 
age, 183.5. Food: Minnow remains, 50; Daphnia, 50. 

-Grand summary for 1914, 1915, and 1916.—Number examined, 115. Length: Maximum, 280; mini- 
mum, 25; average, 99.9. Food: Tadpoles, 0.3; fish eggs, 3; insect larve, 34.7; insect pupe, 1.7; adult 
insects, 1.8; mites, 0.1; amphipods, 24.5; Entomostraca, 25.8; molluscs, 3.8; oligochetes, 0.4; pro- 
tozoans, +; plant remains, 0.8; alge, 0.7; silt and débris, r.r. 

The perch apparently feeds mostly on insects (38.2 per cent), amphipods (24.5 per cent), and ento- 
mostracans (25.8 percent). Even large adults often have nothing in the alimentary canal except a great 
number of cladocerans. Forbes and Richardson (1908) stated that the perch is wholly carnivorous. Its 
food in rivers consisted of fish, molluses, insect larvee, amphipods, shrimps, isopods, and crayfishes, and 
of fish and crayfish in lakes. Hankinson (1908) found midges in all stages of development, crayfish, 
insects and larve, snails, leeches, and entomostracans. Tracy (1910) reports small fishes, insects, etc. 
Reighard (1915) found the perch in Douglas Lake eating each other. 

All these observations show that the perch is a versatile feeder. At any age it may feed largely on 
entomostracans, insects, molluscs, or almost anything else that is edible. 


Percina caprodes (Rafinesque) var zebra Agassiz, log-perch. 

Data for 1914 (Pearse, 1915, Boeleichthys fusiformis).—Station 24; October 3; number examined, 7. 
Average length, 65.6. Food: Insect larve, 84; adult insects, 6.7; amphipods, 2.4; ostracods, 0.1; cope- 
pods, 0.3; cladocerans, +; silt and débris, 6. 

Station 23, in rapids; April 28, 1915; number examined, 14. Length: Maximum, 94; minimum, 
60; average, 76.3. Food: Fish eggs, 51.6; Chironomus larve, 5.3; Hydropsyche alternans larvae, 10.3; 
Hyalella, 14.2; Cyclops, 0.2; leech, 1.8; plant remains, 4.8; filamentous alge, 3.4; silt and débris, 7.8. 

Station 24; July 2; number examined, 2. Lengths: 79, 63. Food: Chironomus viridis larve, 5; 
C. lobiferus larve, 5; C. tentans larve, 7.5; Protenthes culiciformis larve, 4; Cricotopus trifasciatus 
larve, 27.5; May-fly nymphs, 3.5; Ecdyurus maculipennis nymphs, 1.5; Callibatis nymphs, 1; Crico- 
topus trifasciatus pup, 15; Chironomus lobiferus pupe, 10; C. tentans pupz, 5; leech, 15. 

Summary.—Food: Insect larve, 55; pup, 30; leech, 15. 

Station 23, on beach at mouth of river; August 19; number examined, 1. Length: 44. Food: 
Chironomus viridis larve, 25; C. flavicingula larve, 15; C. tentans larve, 50; C. tentans pupe, 6; cladoc- 
erans, 4. 
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Station 24; September 17; number examined, 1. Length: 56. Food: Chironomus digitatus 
larve, 95; May-fly nymphs, 5s. 

Station 23, in rapids by locks; June 20, 1916; number examined, 2. Lengths: 100 and 98. Food: 
Simulium larve, 42.5; diptera pup, 25; Hyalella, 32.5. 

Grand summary for 1914, 1915, and 1916.—Number examined, 27. Length: Maximum, too; min- 
imum, 44; average, 72.9. Food: Fish eggs, 27.8; insect larve, 45.5; insect pupa, 3.7; adult insects, 
1.7; amphipods, 6.6; Entomostraca, 0.3; leeches, 2; plant remains, 3.4; alge, 1.7; silt and debris, 5.7. 

This summary shows that the log-perch fed mostly on insects and fish eggs. This agrees in part with 
the results of Forbes and Richardson (1908), who found that two-thirds of the food was insects, but the 
other third mostly entomostracans. This fish evidently feeds by choice on the aquatic insects and their 
larve found among vegetation. 


Pimephales notatus (Rafinesque). Blunt-nosed minnow. 

Station 15; November 21, 1914; number examined, 4. Length: Maximum, 32.2; minimum, 23.6; 
average, 27.7. Food: Cyclops, 22.5; Chydorus sphericus, 2.5; cladoceran fragments, 62.5; filamentous 
alge, 12.5. 

Station 19; December 3; number examined, 4. Length: Maximum, 30; minimum, 26.4; average, 
28.4. Food: Chironomid larve, 25; Cyclops, 10; Chydorus sphericus, 15; Eurycercus lamellatus, 22.5; 
cladoceran fragments, 25; diatoms, 2.5. 

Summary.—Food: Copepods, 10; cladocerans, 62.5; alge, 2.5. 

Station 23; June 14, 1915; number examined, 1. Length: 70. Food: Chironomus tenellus adults, 
95; Cyclops, 5. 

Station 27; June 17; number examined, 29. Length: Maximum, 62; minimum, 34; average, 46. 
Food: Orthocladius sordidellus larve, 9; Probezzia pallida larve, 2.6; Chironomus lobiferus larve, 4; 
C. 1. pupe, 7.1; adult midges, 6; ostracod, +; Cyclops, 0.2; Chydorus sphericus, 3; Bosmina longiros- 
tris cornuta, 30.7; ephippial eggs, 0.2; Eurycercus lamellatus, 0.5; cladocerans, 0.1; filamentous alge, 
8.2; plant remains, 1.9; fine débris and silt, 24.2. 

Summary.—Food: Insect larve, 15.6; pupe, 7.1; adult insects, 6; ostracods, +; copepods, 0.2; 
cladocerans, 34.5; alge, 8.6; plants, 1.9; silt and débris, 24.2. 

Station 28; June 17; number examined, 10. Length: Maximum, 36.5; minimum, 26.2; average, 
30.2. Food: Chironomid larve, 19.5; Chironomus lobiferus pupz, 4.1; mite, 0.1; ostracods, 0.5; 
Cyclops, 2.1; oligochetes, 6; flagellates, o.1; diatoms, 0.5; Pediastrum, o.1; filamentous alge, 49.8; 
plant remains, 0.2; silt and débris, 17. 

Summary.—Food: Insect larve, 19.5; pupz, 4.1; mite, 0.1; ostracods, 0.5; copepods, 2.1; oligo- 
chetes, 6; protozoans, 0.1; alge, 50.4; plants, 0.2; silt and débris, 17. 

Station 3; June24; number examined, 3. Lengths: 43, 41.7,32.5. Food: Chironomid larve, 1.7; 
Orthocladius sordidellus pup, 1.3; adult midges, 3.3; Chydorus sphericus, 2.7; oligochetes, 28; Clos- 
terium, 0.3; filamentous alge, 50; plant remains, 0.3; silt and débris, 12.3. 

Station 24; July 2; number examined, 2. Lengths: 48.5, 28. Food: Chironomid larve, 25; 
chironomid pupe, 25; ostracods, 0.5; oligochztes, 49; sand, 0.5. 

Station 23; July 3; number examined, 1. Length: 58.5. Food: Chydorus sphericus, 1; filamen- 
tous alge, 60; silt and débris, 39. 

Station 23; July 9; number examined, 4. Length: Maximum, 54.5; minimum, 34; average, 
44.6. Food: Chironomid larve, 12.5; Chironomus fulviventris larve, 0.5; C. tentans larve, 0.8; Chy- 
dorus sphzricus, 0.1; oligochetes, 39.9; desmids, 1.2; filamentous alge, 29; silt and débris, 16. 

Summary.—Food: Insect larve, 13.8; cladocerans, 0.1; oligochetes, 39.9; alge, 30.2; silt and 
débris, 16. 

Station 5; August 18; number examined, 2. Lengths: 41, 35. Food: Chironomid larve, 5; ostracods, 
3.5; Cyclops, 2.5; Eurycercus lamellatus, 4; plant remains, 2.5; silt and débris, 82.5 

Grand summary.—Number examined, 60. Length: Maximum, 70; minimum, 23.6; average, 4o 
Food: Insect larve, 14.5; pupz, 5.8; adult insects, 4.5; ostracods, 0.3; copepods, 2.6; cladocerans, 25.1; 
oligochetes, 7; alge, 19.3; plant remains, 0.9; silt and débris, 20. 

As would be expected from its long intestine, the blunt-nosed minnow eats a good deal of silt, 
bottom débris, and plants, though entomostracans and insects constitute more than half of its food. 
Certain individuals had taken foods as follows: Chironomus lobiferus pup#, 100; Bosmina longirostris 
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cornuta, 100; oligocheetes, 98; filamentous alge, go; silt and débris, 100. These figures show that the 
minnow is a versatile feeder. The food in the stomach has always been chewed into fine pieces. 

Forbes and Richardson (1908) stated that the stomach of this species is commonly packed with nmud 
containing filamentous alge and miscellaneous vegetable débris. Hankinson (1908) found the food 
varies greatly, but consists chiefly of small organisms taken from the bottom, from water plants, and 
from the water. ‘These fish eat the eggs of the black bass, Johnny darter, miller’s thumb, and sunfish. 
Sometimes they devour the newly hatched fry of their own species. Other foods mentioned consisted 
of filamentous alge, desmids, entomostracans, and insects. Reighard (1915) said this mimnow is a 
“mud eater.” 


Pimephales promelas (Rafinesque.) Black-head minnow, fathead. 


Station 17; September 18, 1915; number examined, 3. Lengths: 51, 50.5, 45. Food: Tanytarsus 
gregarius larve, 79.3; mites, 1.6; amphipods, 0.3; Cyclops, 2.6; oligochztes, 6; diatoms and other alge, 
1.3; sand and débris, 8.3. 

Pomoxis sparoides (Lacépéde). Black crappie, calico bass, silver bass. 

Station 17; April ro and 13, 1915; number examined, 4. Lengths: 145, 130, 132,75. Food: Minnows, 
12.5; chironomid larve, 1.2; May-fly nymphs, 22.5; Siphlurus nymphs, 0.7; Enallagma hageni, 12.5; 
Smithiurus, 0.5; Corixa adults, 24.5; Hyalella, 8.7; Chydorus sphericus, 0.2; plant remains, 11.5; fil- 
amentous alge, 2.3; fine débris, 1.2. 

Summary.—Food: Fish, 12.5; insect larve, 36.9; adult insects, 25; amphipods, 8.7; cladocerans, 
0.2; plants, 11.5; alge, 2.3; débris, 1.2. 

Station 21, along south shore of Lake Wingra; number examined, 4. Lengths: 154, 140, 70,55. Food: 
Fish, 6.2; Chironomus nigricans larve, 0.1; Tanypus monilis larve, +; Probezzia larve, 10; caterpillar, 
11; Betis nymphs, 4.5; Chironomus fulviventris pupz, 38.5; mites, 1.3; Dikerogammarus fasciatus, 
0.5; Hyalella, 10; ostracods, 2.5; Cyclops bicuspidatus, 21.1; Chydorus sphericus, 1.8; filamentous 
alge +. 

Summary.—Food: Fish, 6.2; insect larve, 24.3; pupz, 38.5; mites, 1.3; amphipods, ro.5; ostracods, 
2.5; copepods, 21.1; cladocerans, 1.8; alge, +. 

Station 17; August 24; number examined, 1. Length: 186. Food: Canis diminuta nymph, 8; 
moth, 81; Eurycercus lamellatus, 1; Wolffia, ro. 

Station 6; August 25; number examined, 1. Length: 100. Food: Chironomus viridis larve, 10; 
C. lobiferus pupz, 10; Hyalella, 15; Simocephalus, 61.9; Ceratophyllum, 3; seed, o.1. 

Station 28; September 15; number examined, 3. Lengths: 116, 105, 104. Food: Fish, 79; Chiron- 
omus viridis larve, 0.3; Cenis diminuta nymph, 1; Corixa adult, 3.3; Cyclops, 0.3; Chydorus, 0.2; 
Daphnia, 11.7; plant remains, 3.3. 

Station 24; September 17; number examined, 1. Length: 45. Food: Insect larve, 15; chironomid 
larve, 10; Hyalella, 60; Cyclops, 3; Chydorus sphericus, 2; Daphnia, ro. 

Station 22; October 27; number examined, 36. Length: Maximum, 48; mininum, 36; average, 40.4. 
Food: Fish, 0.3; insect larve, 1; chironomid larve, 3.6; Tanypus gregarius larve, 9; Betisca nymph, 
4.3; Chironomus lobiferus pup, 0.4; Smithiurus, 0.6; moth, 0.4; adult midges, 2.5; Probezzia pallida 
adults, 5.8; Cordylura adults, 0.6; Hyalella, 3.5; ostracods, 21.7; Diaptomus, 0.2; Canthocamptus, 20.7; 
Cyclops, 18.6; Chydorus, 1.5; Pleuroxus, 1; Simocephalus, +; seeds, 0.4. 

Summary.—Food: Fish, 0.3; insect larve, 17.9; pupe, 0.4; adult insects, 9.9; amphipods, 3.5; ostra- 
cods, 21.7; copepods, 29.5; cladocerans, 1.5; plants, 0.4. 

Station 26; November 27; number examined, 7. Length: Maximum, 221; minimum, 160; average, 
184.1. Food: Insect larve, 0.8; Chironomus viridis larve, 8.9; C. tentans larve, 4.3; Bztisca nymphs, 
2.1; Ischnura verticalis nymphs, 2.1; Canthocamptus, +; Daphnia, 54.7; Leptodora, 27.1. 

Summary.—Food: Insect larve, 18.2; copepods, +; cladocerans, 81.8. 

Station 18; April 29, 1916; number examined, 3. Length: Maximum, 188; minimum, 159; average, 
172.3. Food: Minnow, 13.3; Chironomus fulviventris larve, 3.3; C. lobiferus larve, 3.3; Ephemerella 
sp. nymphs, 1.6; Celithemis eponina nymph, 6.6; Setodis grandis larve, 0.3; Corixa adult, 1.6; Hyalella, 
69; filamentous alge, 0.3; leaf o.1; plant remains, o.1. 

Summary.—Food: Fish, 13.3; insect larve, 15.1; insect adults, 1.6; amphipods, 69; plants, 0.5. 
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Station 18; May 13; number examined, 1. Length: 200. Food: Chironomus fulviventris larve, 
5; Notonecta nymphs, 1; Chironomus decorus pup, 1; Corixa adults, 3; adult beetles, 28; Hyalella, 
50; Eurycercus, 2; filamentous alge, ro. 

Summary.—Food: Insect larve, 6; insect pupe, 1; insect adults, 31; emphipods, 50; Entomostraca, 
2; plants, ro. 

Station 28; May 30; number examined, 2. Length: Maximum, 183; minimum, 170; average, 176.5. 
Food: Fish eggs, 1; Chironomus fulviventris larve, 12.5; C. lobiferus larve, 16.5; C. decorus larve, 
2.5; Probezzia glaber larve, 5; Notonecta nymphs, 2.5; Chironomus sp. pupe, 35; C. fulviventris pupe, 
5; C. decorus pup, 5; mites, 10; Hyalella, ro. 

Summary.—Food: Fish eggs, 1; insect larve, 39; insect pupz, 45; mites, 10; amphipods, ro. 

Station 26; July 13; number examined, 3. Length: Maximum, 183; minimum, 142; average, 169.3. 
Food: Minnow, 3.5; Chironomus lobiferus larve, 25; Enallagma hageni nymphs, 3.3; Chironomus sp. 
pupe, 12.6; Corixa adults, 0.3; Hyalella, 0.3; Daphnia, 6.3; D. pulex, 16.6. 

Summary.—Food: Fish, 3.5; insect larve, 28.3; insect pup, 12.6; insect adults, 0.3; amphipods, 
0.3; Cladocera, 22.9. 

Grand summary for 1915 and 1916.—Number examined, 66. Length: Maximum, 221; minimum, 35; 
average, 90.5. Food: Fish eggs, 0.1; fish, 7.1; insect larve, 19.1; insect pupe, 4.6; adult insects, 8.8; 
mites, 0.4; amphipods, 10.6; Entomostraca, 47.4; plants, 1.5; silt and débris, +. 

The black crappie depends on entomostracans (47.4 per cent), insects (33.5 per cent), amphipods, 
and small fish for its food. Its form fits it to live among aquatic plants, and in general its food comes 
from such situations. The largest fish examined (November 27, 1915), however, had eaten over three- 
fourths pelagic entomostracans. Forbes and Richardson (1908) stated that the crappies are strictly car- 
nivorous, living mainly on insects, crustaceans, and fish. 


Roccus chrysops (Rafinesque), White bass, 

Station 15; June 6, r915; number examined, 1. Length: 165. Food: Chironomus decorous larve, 
40; Protenthes choreus larve, 39.9; Corethra larve, 10; Hyalella, o.r. 

Summary.—Food: Chironomid larvee, 99.9; amphipods, o.1. 

Station 5; August 18; number examined, 1. Length: 29. Food: Cyclops, 65; Bosmina longirostris 
cornuta, 35. 

Station 5; August 25; number examined, 1. Length: 35. Food: Corixa adults, roo. 

Station 5; August 25; number examined, 2. Lengths: 35,29. Food: Chironomus adults, 5; Cyclops, 
60; Bosmina longirostris cornuta, 30; Simocephalus, 5. 

Summary.—Food: Adult insects, 5; copepods, 60; cladocerans, 35. 

Station 5; August 30; number examined, 6. Length: Maximum, 44; minimum, 32; average, 37.9. 
Food: Insect eggs, 20; chironomid larve, 0.8; Chironomus decorus larve, 1.6; Betisca nymphs, 13.1; 
Enallagma hageni nymphs, 6.6; Chironomus lobiferus pupz, to; C. viridis pupz, 1.6; Hyalella, 9.1; 
Cyclops, 27; Cyclops serrulatus, 6.6; chydorids, 1.8; Simocephalus, r. 

Summary.—Food: Insect larve, 42.1; pupe, 11.6; amphipods, 9.1; copepods, 33.6; cladocerans, 2.8. 

Station 5; September 2; number examined, r. Length: 33. Food: Chironomus decorus larve, 5; 
Protenthes culiciformis pupe, 5; Hyalella, 15; ostracods, 5, Cyclops, 65; cladocerans, 5. 

Station 5; September 22; number examined, 1. Length: 220. Food: Fundulus diaphanus menona, 
55; Chironomus decorus larve, 8; Corethra larve, 20; Chironomus decorus pupe, 8; C. d. adult, 7; 
Leptocerus dilutus adult, 2. 

Summary.—Food: Fish, 55; insect larve, 28; pupz, 8; adult insects, 9. 

Station 15; depth, 13 meters; November 13; number examined, 1. Length: 145. Food: Daphnia, 
60; Leptodora, 4o. 

Grand summary.—Number examined, 14. Length: Maximum, 220; minimum, 29; average, 65.6. 
Food: Fish, 4.2; insect eggs, 8.6; larve, 22.2; pupa, 5.8; adult insects, 8.4; amphipods, 5; ostracods, 0.4; 
copepods, 29.6; cladocerans, 16.3. 

The white bass feeds primarily on entomostracans (46.3 per cent) and insects (45 per cent). The 
adults eat insects more than anything else, but also take fish. Forbes and Richardson (1908) mentioned 
insects, crustaceans, and fishes as constituents of the food of this species. Two adults examined by 
the writer in 1914 were filled with adult midges. 
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Salmo irideus (Jordan and Evermann). Rainbow trout. 

Station 30; August 26, 1915; number examined, 1. Length: 126.5. Food: Chironomus fulvi- 
ventris larve, 5; Tanypus decoloratus larve, 5; Psychoda larve, 5; Phryganea larve, 8; Odontomyia 
larve, 10; Chironomus fulviventris pupa, 1; C. lobiferus pupa, 2; leptid adult, 4; Peltodytes 12-puncti- 
pennis adult, 3; Julus, 10; Gammarus limneus, 42; Physa, 5. 

Summary.—Food: Insect larve, 33; pup2, 3; adult insects, 7; millipeds, 10; amphipods, 42; snails, 5. 
Salvelinus fontinalis (Mitchill.) Brook trout. 

Station 30; August 26, 1915; number examined, 18. Length: Maximum, 160; minimum, 87; average, 
103.2. Food: Dipterous larve, 3.5; Chironomus fulviventris larve, 13.2; Tanypus decoloratus larve, 1; 
Psychoda larve, 0.3; Phryganea larve, 11.5; Agabus larve, 1.8; Odontomyialarve, 1.1; Dytiscus hybri- 
dus larve, 0.5; Dixa larve, 1; Chironomus fulviventris pup, 18.2; C. lobiferus pupe, o.2; leptid flies, 
0.8; Peltodytes 12-punctipennis adult, 0.2; Agabus adult, 1.1; Corixa adults, 0.3; Camponotus adult, 
o.1; Melanoplus femurrubrum adult, 3; jassid bug, 0.1; Julus, 0.4; Limnesia histrionica, 0.4; Gammarus 
limneus, 35.5; Asellus communis, 0.5; Procellio rathkei, 0.8; Physa, 1.4; seeds, +; Polygonium seeds, 
OI. 

Summary.—Food: Insect larve, 33.9; pupe, 18.4; adult insects, 5.6; millipeds, 0.4; mites, 0.4; 
amphipods, 35.5; aquatic isopods, o.5; terrestrial isopods, 0.8; snails, 1.4; plant seeds, o.1. 

This trout feeds largely on insects and other arthropods. The Fish Manual (1900) has this state- 
ment: “The brook trout has a voracious appetite and takes advantage of every opportunity to satisfy 
it, except in the spawning season, when it takes no food at all. It is strictly a carnivorous fish, its 
food consisting chiefly of crustacea, mollusca, and various forms of insects and worms. When pressed 
with hunger, it does not hesitate to devour its own kind.’’ Tracy (1910) said this fish will eat nearly 
any small living creature—insects, fish, its own eggs and young, tadpoles, newts, etc. 


Schilbeodes gyrinus. (Mitchill.) Tadpole cat. 

Data for 1914 (Pearse, 1915).—Station 4; August 6; number examined, 5. Length: Maximum, 26.8; 
minimum, 17.6; average, 22.3. Food: Insect larve, 8; adult insects, 4; Hyalella, 0.4; ostracods, 0.4; 
copepods, 62; cladocerans, 1.6; alge, 4.2; silt and débris, 15. 

Station 5; May 12; number examined, 14. Length: Maximum, 76; minimum, 30.3; average, 42.8. 
Food: Insect larve, 1.4; chironomid larve, 2; Chironomus lobiferus larve, 7; C. fulviventris larve, 1.8; 
Pelopia monilis larve, 3; Orthocladius soldidellus larve, 2; May-fly nymphs, 12; Betis pygmea nymphs, 
to; Callibetis nymphs, 10; Corixa nymphs, 1.3; Neuronia postica pupe, 2.4; Chironomus lobiferus 
pup, 2; grasshopper, 1.4; Enallagma antennatum adults, 5; adult dipteron, 2; Hyallella, 7; ostracods, 
6.5; Cyclops, 2; chydorus sphericus, 11; Simocephalus, 0.5; Eurycercus lamellatus, 6.3; oligochetes, 1.4; 
fine débris, 2. 

Summary.—Food: Insect nymphs and larve, 50.5; pupa, 4.4; adult insects, 8.4; amphipods, 7; 
ostracods, 6.5; copepods, 2; cladocerans, 17.8; oligochetes, 1.4; débris, 2. 

Station 5; June 1; number examined, 9. Length: Maximum, 45; minimum, 38.5; average, 42.6. 
Food: Chironomus lobiferus larve, 4; Orthocladius sordidellus larve, 16; damsel-fly nymphs, 1.1; beetle 
larve, 33.2; Naucoris nymphs, 8.3; Chironomus lobiferus pupe, 2.7; C. decorus pup, 7.2; Odontomyia 
pupz, 0.5; Lachnosterna adult, 1.9; ostracods, 8.5; Cyclops, 9; oligocheetes, 5.5; filamentous alge, 0.1; 
fine débris, 2. 

Summary.—Food: Insect larve, 62.6; pupz, 10.4; adult insects, 1.9; ostracods, 8.5; copepods, 9; 
oligochztes, 5.5; filamentous alge, 0.1; fine débris, 2. 

Station 5; August 9; number examined, 2. Lengths: 21.5, 21. Food: Protenthes culiciformis larve, 
15; Callibetis nymphs, 17.5; mite, 1; Hyalella, 12.5; ostracods, 1; Chydorus sphericus, 0.5; Campto- 
cercus, 17.5; oligochetes, 12.5; seeds, 17.5; fine débris, 5. 

Summary.—Food: Insect larve, 32.5; mites, 1; amphipods, 12.5; ostracods, 1; cladocerans, 18; 
oligochetes, 12.5; seeds, 17.5; débris, 5. 

Near Station 5, on lake shore; August 18; number examined, 14. Length: Maximum, 63; minimum, 
14; average, 25.8. Food: Chironomus lobiferus larve, 1.4; damsel-fly nymphs, 1.4; May-fly nymphs 
0.7; Ecdyurus maculipennis nymphs, 1.3; Cenis diminuta nymphs, 27.7; Hyalella, 6.7; ostracods, 1, 
Camptocercus, 0.2; cladocerans, 0.2; Planorbis, 0.3; oligocheztes, 42.7; seeds, 15; duckweed, 1.4. 

Summary.—Food: Insect larve, 32.5; amphipods, 6.7; ostracods, 1; cladocerans, 0.4; snails, 0.3; 
oligochetes, 42.7; plants, 16.4. 
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Station 5; August 18; number examined, 10. Length: Maximum, 27.8; minimum, 18; average, 
22.3. Food: Chironomus fulviventris larve, 3; C. digitatus larva, 1.5; Tanypus decoloratus larve; 
2.5; Orthocladius sordidellus larve, 2.5; May-fly nymphs, 3.5; Betisca nymphs, 1.5; Canis diminuta 
nymphs, 1o.5; Enallagma antennatum adult, 3.5; Hyalella, 27.3; ostracods, 3; Cyclops, 2; Chydorus, 
phericus, 0.5; Simocephalus, 0.7; Camptocercus, 2.3; oligochetes, 31.4; seeds, 1; Myriophyllum, 3; 
sand, 0.3. 

Summary.—Food: Immature insects, 25; adult insects, 3.5; amphipods, 27.3; ostracods, 3; cope- 
pods, 2; cladocerans, 3.5; oligocheetes, 31.4; plants, 4; sand, 0.3. 

Station 5; September 15; number examined, 1. Length: 59. Food: Insect larve, 7; Hyalella, 
55; ostracods, 8; cladocerans, 15; fine débris, rs. 

Grand summary for 1914 and 1915.—Number examined, 55. Length: Maximum, 76; minimum, 14; 
average, 34.3 Food: Insect larve, 36; pupe, 4.4; adult insects, 3.6; mites, +; amphipods, 10.3; 
ostracods, 4; copepods, 7.9; cladocerans, 6.1; snails, 0.1; oligochetes, 18.3; plants, 5.9; alge, o.1; silt 
and débris, 3. 

The tadpole cat feeds chiefly on insects (44 per cent), oligochetes (18.3 per cent), and small crus- 
taceans (28.3 percent). The items in its diet show that it gets its food on the bottom and among aquatic 
plants. The smaller individuals apparenly depend upon crustaceans and oligochetes, larger fishes 
turn more to insects. Forbes and Richardson (1908) found this species feeding on amphipods 
isopods, entomostracans, insect larvae, and small fish. Hankinson (1908) found insect fragments. 
Stizostedion vitreum (Mitchill). Wall-eyed pike, pike perch, jack-salmon. 

Station 28; September 15, rgt5; number examined, 2. Lengths: 448, 425. Food: Fish, roo. 

Station 29; November 14; number examined, 9. Length: Maximum, 520; minimum, 375; average, 
441. Food: Rana pipiens, 11.1; fishes (one a sunfish), 88.9. 

Grand summary.—Number examined, 11. Average length: 440. Food: Frogs, 9.1; fishes, 90.9. 

Forbes and Richardson (1908) stated that this species feeds chiefly on fish, sometimes varying its 
diet with crayfishes. 


Umbra limi (Kirtland). Mud minnow, mudfish. 


Data for 1914 (Pearse, 1915).—Number examined, 60. Average length: 33.5. Food: Insect larve, 
21; adult insects, 16.3; mites, 0.3; amphipods, +; ostracods, 33.9; copepods, 0.5; cladocerans, 1.2: 
snails, 0.7; Sphzride, 0.2; oligochetes, 1; nematodes, 0.7; protozoans, 0.1; plant remains, 1.9; 
alge, 15.1. 

Station 21; April 28, 1915; number examined, 9. Length: Maximum, 80; minimum, 31; average, 
51.1. Food: Insect larve, 3; Platyphylax designatus larve, 4.5; Chironomus viridis larve, 1; Tanypus 
decoloratus larve, 3.3; Pelopia flavifrons larve, 3.3; Odontomyia larve, 4.5; Haliplus adult, 0.2; 
Corixa adult, 4; mites, 2; Hyalella, 12; Dikerogammarus fasciatus, 26; Cyclops, 0.3; C. viridis, 5.8; 
C. fimbriatus, 5; cladocerans, 0.3; Chydorus sphericus, 0.5; leech, 5.5; oligochetes, 12; plant remains, 
1.5; Pleurococcus, 2.5; diatoms, 0.5; silt, 1; fine débris, 1. : 

Summary.—Food: Insect larve, 19.6; adult insects, 4.2; mites, 2; amphipods, 38; copepods, 11.1; 
cladocerans, 0.8; leech, 5.5; oligochetes, 12; plants, 1.5; alge, 3; silt and débris, 2. 

Station 16; May 15; number examined, 1. Length: 68.7. Food: Adult midges, ro; earthworm, 
79; diatoms, 1; silt and débris, ro. 

Station 5; June 1; number examined, 4. Lengths: 68, 60, 54, 49.5. Food: Insect larve, 11; 
chironomid larve, o.5; Chironomus lobiferus larve, 2.2; Orthocladius sordidellus larve, 20.4; chiron- 
omid pupe, 9.6; Probezzia pup, 0.6; adult weevil, 1; adult midges, 6.2; ostracods, 4; Dikero- 
gammarus, 1.2; Cyclops, 1; Chydorus, 0.2; Eurycercus lamellatus, 1.2; Physa, 1.7; seeds, 14; Wolffia, 
2.5; plants, 0.2; filamentous alge, 0.3; Pleurococcus, 20; silt and débris, 2.5. 

Summary.—Food: Insect larve, 34.1; pup, 10.2; adult insects, 7.2; ostracods, 4; amphipods, 1.2; 
copepods, 1; cladocerans, 1.4; snails, 1.7; plants, 16.7; alge, 20.3; silt and débris, 2.5. 

Station 21; June 12; number examined, ro. Length: Maximum, 179; minimum, 35; average, 
63.9. Food: Insect larve, 1.5; chironomid larve, 0.7; Chironomus larve, 1; Chironomus fulviventris 
larve, 25; Palpomyia longipennis larve, 3; Cricotopus trifasciatus larve, 2.5; C. t. pupe, 8.7; chiron- 
omid pupe, 4.3; adult midges, 11; mites, 0.3; ostracods, 0.1; Dikerogammarus, 26.9; Cyclops, 2.7; 
Physa, 0.8; Pleurococcus, 3.5; silt and débris, 7. 
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Summary.—Food: Insect larve, 33.7; pup, 12.1; adult insects, 11; mites, 0.3; ostracods, o.1; 
amphipods, 26.9; copepods, 2.7; snails, 0.8; alge, 3.5; silt and débris, 7. 

Station 25; June 17; number examined, ro. Length: Maximum, 84; minimum, 42.5; average, 
49-3- Food: Chironomid larve, 2; Libellula luctuosa nymphs, 10; chironomid pup, 2.5; Haliplus 
adults, 2.5; Corixa adults, 5; mites, 3; ostracods, 32.2; Cyclops, 7; Chydorus, 1.5; Simocephalus, 4.6; 
Planorbis, 5.5; Limnzea, 3.5; oligochetes, 6; filamentous alge, 1.2; Pleurococcus, 9; silt and débris, 4.5. 

Summary.—Food: Insect larve, 12; pupz, 2.5; adult insects, 7.5; mites, 3; ostracods, 32.2; 
copepods, 7; cladocerans, 6.1; snails, 9; oligochetes, 6; alge, 10.2; silt and débris, 4.5. 

Station 28; July 2; number examined, 1. Length: 47.5. Food: Oxyethira larve, 10; carabid- 
beetle larvze, 10; Odontomyia vertebrata larve, 10; ostracods, 5; Hyalella, 60; Cyclops, 5. 

Summary.—Food: Insect larve, 30; ostracods, 5; amphipods, 60; copepods, 5. 

Station 25, in ditch along road; number examined, 14. Length: Maximum, 25.2; minimum, 15.1; 
average, 20.6. Food: Insect larve, 0.3; chironomid larve, 5; Chironomid tentans larve, 5.3; Pal- 
pomyia longipennis larve, 0.3; Cricotopus trifasciatus larve, 7; Canis diminuta nymphs, 0.7; beetle 
larve, 3.5; dascyllid larve, 8.5; midge pupz, 3.5; adult bug, 1.8; insect remains, 0.3; adult midges, 
4.6; Naucoris adult, 4.4; Collembola, 0.8; mites, 0.3; Hermannia bistriata, 5.6; ostracods, 12.2; 
Cyclops, 11; Canthocamptus, 1; chydorid, 0.1; Planorbis, 2; Limnza, 5.2; oligochztes, 7; rotifers, 
1.3; Oscillaria, 0.7; Volvox and other alge, 0.3; filamentous alge, 0.1; Pleurococcus, 4.3; sand, 1.4. 

Summary.—Food: Insect larve, 30.6; pups, 3.5; adult insects, 11.9; mites, 5.9; ostracods, 12.2; 
copepods, 12; cladocerans, o.1; snails, 7.2; oligochetes, 7; rotifers, 1.3; algee, 54; sand, 1.4. 

Station 23; August 14; mumber examined, 1. Length: 51. Food: Hyalella, 25; Cyclops, 1; 
Chydorus, 1; plant remains, 73. 

Grand summary for 1914 and 1915.—Number examined, 110. Length: Maximum, 179; minimum, 
15.1; average, 41.9. Food: Insect larve, 21.9; pup, 2.1; adult insects, 10.9; spiders, o.1; mites, 
1.2; amphipods, 6.5; ostracods, 23.1; copepods, 3.6, cladocerans, 1.3; snails, 2.3; Spheride, o.1; 
oligochetes, 2.9; leeches, 1.1; nematodes, 0.4; rotifers, 2; protozoans, 0.2; plants, 2.5; alge, 11.1; 
silt and débris, 1.4; unidentified, 3.8. 

The mud minnow is a rather versatile feeder, with the chief constituents of its food, insects (35 
per cent), entomostracans (31.3 per cent), and vegetation (13.6 per cent). Forbes and Richardson 
(1908) found that Wolffia and unicellular algee formed three-fourths of the food of this species, insects 
and crustaceans making up the rest. Hankinson (1908) reported entomostracans, alge, mites, midge 
larve, snails, and insects. 


Ill. FOODS UTILIZED BY FISHES. 
DIFFERENT SPECIES OF FISHES HAVE DIFFERENT FOOD HABITS. 


Table 1 shows the different kinds of food eaten by the shore fishes of lakes. If 
more complete information is desired it may be obtained from the preceding section, 
where the food of the fishes in each catch is given in considerable detail. 

Most fishes are not indiscriminate feeders, but select specific things from the avail- 
able food supply. A good illustration of this point is furnished by the fishes caught to- 
gether at station 18, July 3, 1915. The foods taken by each of these fish are shown in 
Table 3, and it will be noted that the different species were about the same average size. 
The black bass is the most versatile, having taken 21 different items of food, the blue- 
gill comes next with 16, the shiner has 14, and the top minnow 11. Each fish has taken 
a different item in the largest quantity—i. e., the black bass, 25 per cent Enallagma 
antennatum nymphs; the top minnow, 49 per cent Hyalella; the bluegill, 47 per cent 
Eurycercus; and the shiner, 42.6 per cent Daphnialongispina hyalina. All the fishes had 
eaten Eurycercus, which must have been abundant, and two had taken Hyalella. The 
other two items taken in largest amount (Daphnia hyalina and Enallagma antennatum) 
were each eaten by only asingle species. In Table 4 (which resembles Table 3) three of 
the species have eaten more fish than any other kind of food, but the fourth has taken 
none. Table 2 shows the Johnny darter feeding largely on chironomid larve and oligo- 
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cheetes; the bream and white bass on Cyclops and other entomostracans; the perch and 
black bass on the larger insect larve, adult insects, and amphipods; the blunt-nosed 
minnow on mud; the tadpole cat on oligochetes. 

An examination has been made of Tables 2, 3, and 4 and ten others similar to them. 
Each of these tables concerned four or more species of fishes captured at the same time 
and place. The following 22 species (506 individuals) appear one or more times in 
them: Abramis crysoleucas, Ambloplites rupestris, Amiatus calva, Ameiurus melas, Ameiu- 
rus nebulosus, Boleosoma nigrum, Catostomus commersonii, Cyprinus carpio, Esox lucius, 
Etheostoma 1owe, Fundulus diaphanus menona, Labidesthes sicculus, Lepomis incisor, 
Micropterus salmoides, Notropis heterodon, Perca flavescens, Percina caprodes, Pimephales 
notatus, Pomoxis sparoides, Roccus chrysops, Schilbeodes gyrinus, and Umbra limi. The 
different figures in the bottom line of all tables were added to ascertain whether specific 
foods were likely to be eaten by one or more fish. The results were as follows: Items 
appearing once in any one table, 356; twice, 93; thrice, 45; four or more times, 11. 
This shows that, though fishes may feed on the available foods, different species captured 
at the same time and place have not eaten the same things. 

All things, then, indicate that fishes select food from their environment. In some 
cases the powers of selecting and rejecting are remarkable. A perch may have its whole 
alimentary canal packed full of Daphnias, when the surrounding water contains Daph- 
mias mixed with greater quantities of alge. Only the animal plankton is taken. The 
young sucker is able to take such minute living objects as Difflugia, Arcella, and rotifers 
from a muddy bottom, rejecting fine particles of silt. 


CLASSES OF FOODS UTILIZED BY FISHES. 


The foods found in fishes occurring along the shores of Wisconsin lakes fall into nine 
classes. In order of their importance these rank as follows: (1) Insect larve, oligo- 
chetes and leeches, 28.7 per cent; (2) entomostracans, 19.1 per cent; (3) fishes and frogs, 
13.8 per cent; (4) insect pupez and adults, 11.7 per cent; (5) amphipods, isopods, and 
mites, 12.7 percent; (6) plants, including alge, 4.2 per cent; (7) mud, silt, and fine 
débris, 2.6 per cent; (8) molluscs, 2 per cent; and (9) crayfishes, 1.1 per cent. The per- 
centages were obtained from the last line of Table tr. 

In the following paragraphs fishes are arranged under each class in the order of their 
importance. Every species taking food in a particular class is not always recorded but 
they all appear in Table 1. It must be remembered that there is a preponderance of 
young fishes in the data from’ which these results are figured. An examination of more 
adults would doubtless increase classes 3, 6, 8, and 9. 

1. Fishes feeding upon insect larve, oligochetes, and leeches.—Boleosoma nigrum, 77.6 
per cent; Ameiurus melas, 59.6 per cent; Schilbeodes gyrinus, 57.9 per cent; Persina 
caprodes, 54 per cent; Catostomus commersoni, 51.5 per cent; Etheostoma flabellare, 50.5 
per cent; Ambloplites rupestris, 46 per cent; Cyprinus carpio, 42.5 per cent; Etheo- 
stoma towe, 38.6 per cent; Micropterus dolomieu, 37.7 per cent; Lepomis incisor, 35.7 
per cent; Cottus ictalops, 35.3 per cent; Perca flavescens, 35.1 per cent; Roccus chrysops, 
30.8 per cent; Ameiurus nebulosus, 30.2 per cent; Fundulus diaphanus menona, 26.4 per 
cent; Umbra limi, 25.9 per cent; Eucalia inconstans, 24.1 per cent; Micropterus sal- 
moides, 23.7 per cent; Pimephales notatus, 21.5 per cent; Pomoxis sparoides, 18.4 per 
cent; Eupomotis gibbosus, 16.2 per cent; Notropis heterodon, 15 per cent. 
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2. Fishes jeeding upon entomostracans.—A bramis crysoleucas, 76 per cent; Pomoxis 
sparoides, 53.7 per cent; Notropis heterodon, 44.9 per cent; Ameiurus nebulosus, 42.1 per 
cent; Lebidesthes sicculus, 40.1 per cent; Eucalia inconstans, 38.5 per cent; Fundulus 
diaphanus menona, 36 per cent; Umbra limi, 31.3 per cent; Pimephales notatus, 28 per 
cent; Lepomis incisor, 24.9 per cent; Micropterus salmoides, 18.1 per cent; Schalbeodes 
gyrinus, 18 per cent; Perca flavescens, 16.9 per cent. 

3. Fishes feeding upon fishes and frogs.—Stizostedion vitreum, 100 per cent; Amiatus 
calva, 90.1 per cent; Lepisosteus osseus, 88.8 per cent; Esox luctus, 84 per cent; Percina 
caprodes, (eggs) 27.8 per cent; Micropterus dolomieu, 14.7 per cent; Eupomotis gibbosus, 
(eggs) 9.4 per cent; Micropterus salmoides, 8.2 per cent; Pomoxis sparoides, 5.7 per cent; 
Perca flavescens, 3.5 per cent; Roccus chrysops, 4.2 per cent; Ambloplites rupestris, 2 
per cent. 

4. Fishes feeding wpon insect pupe and adult insects—Labidesthes sicculus, 44.6 
per cent; Micropterus dolomieu, 39.7 per cent; Micropterus salmoides, 31.2 per cent; 
Ambloplites rupestris, 23.3 percent; Eucalia inconstans, 18.1 per cent; Roccus chry- 
sops, 14.2 per cent; Notropis heterodon, 14.1 per cent; Umbra limi, 13 per cent; Pomoxis 
sparoides, 12.7 percent; Eupomotis gibbosus, 10.3 per cent; Pimephales notatus, 10.3 
per cent; Ameiurus melas, 9.9 per cent; Cyprinus carpio, 9.6 per cent; Lepomis incisor, 
9.2 per cent; Schilbeodes gyrinus, 9 per cent; Ameiurus nebulosus, 6.5 per cent; Fundulus 
diaphanus menona, 4.8 per cent; Percina caprodes, 3.9 percent; Perca flavescens, 3 
per cent. 

5. Fishes feeding upon amphipods, isopods, and mites.—Cottus ictalops, 59.1 per 
cent; Etheostoma iowe, 58 per cent; Etheostoma flabellare, 48 per cent; Perca flavescens, 
24.6 per cent; Lepomis incisor, 15.1 per cent; Fundulus diaphanus menona, 14.1 per 
cent; Micropterus salmoides, 13.9 per cent; Ameiurus nebulosus, 11.8 per cent; Schilbe- 
odes gyrinus, 10.3 per cent; Eupomotis gibbosus, 9 per cent; Cyprinus carpio, 8.7 per 
cent; Umbra limi, 7.8 per cent; Pomoxis sparoides, 7.5 per cent; Eucalia inconstans, 
5.2 per cent; Boleosoma nigrum, 5.1 per cent; Roccus chrysops, 5 per cent; Percina cap- 
rodes, 4.6 per cent; Esox luctus, 2.5 per cent. 

6. Fishes feeding upon plants, including alge.—Eupomotis gibbosus, 25.5 per cent; 
Pimephales notatus, 20.2 per cent; Notropis heterodon, 15.6 per cent; Umbra limi, 13.6 
per cent; Ameiurus melas, 7.3 percent; Fundulus diaphanus menona, 6.4 per cent; 
Schilbeodes gyrinus, 6 percent; Lepomis incisor, 5.2 per cent; Abramis crysoleucas, 
4.5 per cent; Eucalia inconstans, 4.4 per cent; Labidesthes sicculus, 4 per cent; Amblo- 
plites rupestris, 3.3 per cent. 

7. Fishes feeding upon mud, silt, and fine débris—Pimephales notatus, 20 per cent; 
Notropis heterodon, 6.5 per cent; Ameriurus melas, 6.3 per cent; Percina caprodes, 5.7 
per cent; Fundulus diaphanus menona, 4.2 per cent; Eucalia inconstans, 3.7 per cent; 
Catostomus commersonii, 3.6 per cent; Boleosoma nigrum, 3.1 per cent; Schilbeodes gyri- 
nus, 3 per cent. 

8. Fishes feeding upon molluscs—Eupomotis gibbosus, 25.8 per cent; Cyprinus 
carpio, 6.9 per cent; Lepomis incisor, 4.5 per cent; Fundulus diaphanus menona, 3.9 per 
cent; Ameiurus melas, 3.7 per cent; Perca flavescens, 3.7 per cent; Eucalia inconstans,. 
3.7 per cent; Etheostoma iowe, 3 per cent; Umbra limi, 2.4 per cent. 

9. Fishes feeding upon crayfish—A mploplites rupestris, 16.1 per cent; Amiatus calva, 
9.4 per cent; Ameiurus melas, 6.1 per cent; Micropterus salmoides, 2.6 per cent. 


FOOD OF THE SHORE FISHES OF CERTAIN WISCONSIN LAKES, 279 


IV. ADAPTABILITY OF FOOD HABITS. 
ALTERNATIVE FOODS. 


Fish prefer certain foods and select from their environment. If the largest single ° 
items are picked out from the dietaries of the fishes shown in Table 1, the following results 
are obtained: Nine ‘species eat more dipterous larve than any other single kind of 
food; six, amphipods; five, cladocerans; four, fishes; two, adult hemipterous insects 
(Corixa); two, Cyclops; and one species takes its chief food from gastropods, dipterous 
pupe, May-fly nymphs, and ostracods. The next question to be answered is: What 
will the different fishes eat if their favorite food is not available? 

To answer this, the three foods taken in largest quantity (i. ¢., first, second, and 
third choice) were selected for each of the 32 species shown in Table 1. For example, 
the golden shiner, Abramis crysoleucas, ate 57.6 per cent cladocerans, 16.5 per cent 
copepods, 5.7 per cent dipterous pup, and other foods. ‘This species was, therefore, 
put in a class ‘‘Cladocera—copepods—dipterous pupz.’’ ‘The classes and the number 
of species of fish taking the same three chief items of food were as follows: 


Diptera lanve—Copepoda—Cladocerarinst aris aciccles cian) stile tie cide aie eee eres «leis « « 3 
Cladocera—Dipterailarve—Amphipodare. ocjcc cic s osc ce hoje ecient clsientidewies os ee date 3 
Dipterasdarvee—Ostacoda—Copepodaltes satis ciesfinervals le cetera sjssel sire s s\<yelere is aie elelore es 2 
Gladocera—adult Diptera—Dipteraspupaesce ciietrs ere cie)e terete estes @ cielaieiere cine cieie eiciele ee ¢ I 
Cladocera—Copepoda—Dipteraypilp ees iets e(sic)aselaieielevsiavel oi siene ess/eV cis a (veloc eee ae I 
Cladocera——Dipterar] ary ce— all oe ta /-tesalerefexoreysvosesstereicssisteveie/ey< | stevers aia aiwusveaienela, asain aie tase se evsteie I 
Diptera larvee—crayfishes—Odonata nymphs................- eee eee c cece eee e se eee I 
Diptera larves—Ostracoda—Cladoceras 2 (se cc cicinsecisem osye cde cian cneyacs des cance aac I 
Diptera lanve—Oligocheta—plant remains. geri }atle sis elsiesinieiers dees snes I 
Diptera larve—fish eggs—Trichoptera larvae. ............ 02s cece eee e etn eeee I 
Diptera larvee—Oligocheta—Copepodaty. 2. cece ses ioe rsd iets alesis ate oe wentatsle I 
SH —— Cr ay iSh -ats sot e nr avlaterete's tone als ertiarele ls siavsteraelaye aio espera hgapein aes Pag tteh vies a I 
Hish——adultDiptera— Diptera dary cer. clacieeiesiea\e(1e/-Verdeleiercinalate alexis sy clespicie eiaierss epee. orerete I 
INNS Ch Benth bbe Does oo BOOP SETAC BIG HOD OD COUP OO OEE aoe LCmUOO COR aEretas err a a aera I 
Amphipoda—Ephemerida nymphs—Diptera larve................00 eee ee ee ences I 
Fish—Amphipoda—Hemiptera nymphs or Spheride................-..-20- eee eee es I 
Amphipoda—Diptera laryes—Mallipedsy san sj-je estes terete ae tein tele =e I 
Amphipoda—Diptera larvee—Trichoptera larv@. ........0..0. ee cence renee eee e eens I 
Amphipoda— Diptera larve— Diptera pipe cnc clecfes ois elaie) lee elves sie eis cin/ele epee ainie ee I 
Amphipoda—Diptera larve—Coleoptera larvae. ........... 000 cece tect cee ees I 
Gastropoda—plant remains—toad €geSier <-.cisccieiiacincirsicnrs aieciees aeieid tise clereieisiae ties I 
Adult Hemiptera—Ephemerida nymphs—Diptera larve.................0200eeee eee I 
Adult Hemiptera—Ephemerida nymphs—Cladocera. .............220--0ceescese eters I 
Diptera pupz—silt and! débris—Copepoda.: 4.- meee. oe sions nn eae eee I 
Cladocera—silt!and débris—aleeey vo... jecce eo aac. sjyeeae cuee a ts sehen treatise I 
Ephemerida nymphs—Oligocheta—Amphipoda. ............ 00 ccc cece cence eee eae I 
@stracoda—Diptera larve—Amphipodal. 302) fesse cena cebieshl: iosce eb eee erence I 


Thirty-two species of fishes thus show 27 classes. If only the two chief food items 
are considered, the number of classes is reduced to 19, as follows: 


‘Amp hipoda—Diptera lanvae: <a! cts a/sjac, srprstccaieysraps Glopeipare ok 08 S\olaegeergb legals sea axciaaaiels 4 
Dipteravlarvice—Copepodale veh sce tasieiets stayssevicacs Sreceveya mags 2 sie <iavs Wespala stat asreysiaus Cisnsykegihejsis 4 
Minteravlarycs—Ostracod ay, pers see everett te ical cere e Maver one fele ste cousneeersere sister ei evaiert 3 
Cladocera—Dipterailarvees i). x taereracie creas slave oratetctaen sis amie etete bucks ay ctets  o ntercheleparetal (a 3 
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Both these comparisons give further support to the statements made under sec- 
tion III, showing that different kinds of fishes have specific preferences for certain foods. 
Nine species make their chief food the larve of dipterous insects, which are far more 
abundant than anything else. When these eat something different from their favorite 
food, they do not all take the same kind of food but select five to seven new things. 
It is difficult to group fishes into large classes on the basis of similarity in food. Essen- 
tially the same conclusions were reached by Forbes ¢ from a study of 1,221 Illinois fishes. 


VARIATION IN FOOD OF FISHES COLLECTED IN DIFFERENT LOCALITIES AND AT 
DIFFERENT TIMES. 


In order to ascertain how much each species of fish varied in the selection of its 
principal food at different times and in different places, a study of the data for 1915 
presented in section II was made. ‘The chief foods taken at the different stations were 
summarized as far as possible. If a species took a different kind of food each time it 
was collected, it will of course be rated as one of versatile food habits; if its chief food 
was the same in all collections, it is considered as having a limited range of diet. The 
results of the comparison are shown in Table 5. 

It will be noted that some species, like the rock bass, bluegill, and black bullhead, 
are rather versatile feeders; others (Johnny darter, miller’s thumb, pickerel, gar) stick 
to one food. All the species taken together show a change in the chief food with time 
and place in about half the collections. These estimates, however, do not consider the 
diversity in size among the fishes examined. 


VARIATION OF FOOD AT DIFFERENT PERIODS OF THE LIFE CYCLE. 


The data collected for this paper are not complete enough to make very satisfac- 
tory comparisons possible between young and adult fish of each species. Of the 32 
species studied, in only 20 were enough individuals of different sizes collected so that 
comparisons can be made. 

Eight species feed more on amphipods, insect larve, and adult insects and less on 
entomostracans as they increase in size. Six change from insect larve to fishes or 
crayfishes. Each of the following changes is characteristic of a single species of fishes: 
Snails and amphipods to plants; oligochztes to molluscs; Hyalella to fish; insect larve 


@ Forbes, S. A.: On the food relations of fresh-water fishes: A summary and discussion; pp. 497-504, 1888. 
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to earthworms and leeches. Some of the small fishes (Johnny darter, stickleback) show 
little change. Others which attain larger size (crappie) are versatile and sometimes 
feed as adults on the same foods used when young. ‘The two fishes which are largely 
vegetarian when adult (carp, sucker) both make their first food largely {rom entomos- 
tracans, then change to insect larve, and finally to plants. 

Though the data from which these conclusions are made are by no means full 
enough to make very definite generalizations, the general course of events 1s indicated. 
The most important foods for young fishes are entomostracans, insects and their larve, 
and amphipods. Forbes® discussed changes in foods correlated with increase of age fully. 


V. INFLUENCE OF FOOD ON THE SELECTION OF HABITATS. 


Shelford (1911a) said ‘‘An animal should be associated, first, with breeding condi- 
tions; second, with the feeding conditions; third, with conditions affording shelter.” 
Of course no species of fish could persist in a body of water that did not have places 
suitable for breeding. , Most fishes during the breeding season give up feeding more or 
less and become more bold, thus being less protected. If there must be a choice between 
reproductive activities and something else, reproduction usually comes first. There is 
considerable variation in the length of time during which breeding activities dominate 
all others. Many species lay their eggs and take no more care of the young; some even 
eat their own eggs or young. Other fishes look after the young until they are able to 
shift for themselves. A cisco finishes its spawning in a few days; the young of the 
dogfish are watched by the parents for a couple of months. Aside from the actual 
time spent in breeding, some antecedent activities are doubtless influenced by prepara- 
tion for reproduction, but in any of the fishes discussed in this paper breeding and its 
associated activities do not occupy more than a fourth of each year, usually much less. 

Reproductive activities are, then, transitory, but food and shelter are more or less 
constant necessities. During the greater part of the year the dominant activity of a 
fish is finding food, and habits of feeding play a considerable part in keeping fishes in 
particular habitats. Any organism must have a continued supply of materials to 
furnish substance and energy. If shelter is close to the food supply, so much the 
better; but if it is not, food must still be sought. 

According to the data discussed in section II of this paper, the habitat that affords 
the largest and most varied food supply is the aquatic vegetation along the shore, and 
. it also furnishes good shelter. More species of fishes frequent the shore vegetation than 
any other habitat, and they together take a greater variety of food than those in any 
other place. The habitat most favored by fishes next to the general shore vegetation 
is the weedy mouths of streams; the third choice is sand and pebble beaches; the fourth, 
rivers and small streams; and the fifth, the little weedy ponds along shore. The number 
of fishes occurring in different habitats and their chief foods are shown in Table 6. 

The habitats having the greatest variety of food and shelter have the most species 
of fishes. If there must be a choice between food and shelter, the former is taken. 
For example, a pebble and sand beach has less shelter and more available food than a 
rocky beach.and is visited by five times as many species of fishes. Forbes (1888) has 
discussed the dependence of the food of fishes on their structural equipment in a mas- 


@ Forbes, S. A.: On the food relations of fresh-water fishes: A summary and discussion, pp. 492~497, 1888. 
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terly way. It is apparent that structure is of great importance, but behavior must 
also be considered. If not influenced by other factors, fishes will persistently select 
certain habitats and foods. The most potent influences in changing foods and feeding 
habits come with the seasonal cycle and with changes in age. The annual succession 
of seasons brings breeding, changes in gases and minerals in the water, variations in 
temperature, fluctuations in food supply and shelter, and other things which require 
variations in behavior. Young fishes do not have to breed and require different foods 
from adults. Through all these changing influences, food is in general more important 
than any other single factor in causing fish to select particular habitats. 


VI. GENERAL CONSIDERATIONS OF THE FOODS ON THE SHORE FISHES OF LAKES. 


The food of the 30 lake fishes reported in this paper shows that most species feed 
along the shore. Young fishes are found more or less in shallow water everywhere, but 
most of the adults are more specific in their selection of habitats and for the most part 
frequent the aquatic vegetation, which furnishes food and shelter. The fishes which are 
not usually associated with shore vegetation live near the bottom (perch, sucker), on 
rocky or pebbly shores (miller’s thumb, Johnny darter), at the surface (silversides), or 
in the open water (cisco). 

Competition between species for the different kinds of food is usually not very 
keen. When a particular sort of food is abundant, a number of different fishes may feed 
upon it, but if it becomes scarce the fishes do not all turn to the same diet for a second 
choice. This specificity in the selection of food enables different species to live together 
in the same habitats. 

It is important in considering fish foods and the feeding of fishes to keep in mind 
that habits change as age increases. Forbes (1888) said, “‘One-celled organisms and 
Entomostraca are the natural, and practically the only, food of an undifferentiated 
small fish; and to be at liberty to grow, the fish must either change its food (as is usually 
done) or must develop a special apparatus (commonly a set of fine gill rakers) for the 
separation of Entomostraca from the waters in which they swim. A few apparently 
become vegetarians at once; most pass into or through an insectivorous stage. After 
this a few become nearly omnivorous, like the bullheads; others learn to depend chiefly 
on molluscan food—the sheepshead and the redhorse species—but many become essen- 
tially carnivorous.” The great dependence of many species of young fishes on ento- 
mostracans makes them rivals to some extent for the same foods, but, as Forbes pointed 
out, this is offset in part by the seasonal differences in the time of hatching. Some fishes 
also begin to eat small dipterous larve as soon as they are able to feed. From the data 
presented in this paper it appears that insect larvee are of as much importance for young 
fishes as entomostracans. 

Adult fishes fall readily into classes, according to their chief foods—vegetarians, 
piscivores, insectivores, those that eat entomostracans, and those that feed on mud 
and sediment. The chief vegetarians in Wisconsin lakes are the carp and sucker. It 
is an axiom in biology that, in any particular part of the earth, the vegetarians must 
greatly exceed in numbers the carnivorous animals which feed upon them, and in 
general this law is fulfilled among the fishes. The insectivorous fishes (basses, darters, 
etc.) usually secure their food when it is in the larval condition, and, in lakes, adult 
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insects are of much less importance than immature stages. The fishes feeding on ento- 
mostraca (cisco, bream, crappie, perch, carp, etc.) are partly adults and partly young 
fishes which will later turn more to other foods. In spite of the fact that these little 
crustaceans are an important element in the food of most young fishes, they do not 
rival insects. The total amount of insect food (36.3 per cent) in Table 1 is nearly twice 
as great as the total amount of entomostracans (19.1 per cent). The piscivorous species 
(pike, gar, pickerel, bowfin) depend on small fishes which get their food from plants 
directly or indirectly through entomostracans or insect eaters. Scavengers (sucker, 
blunt-nosed minnow, etc.) get organic remains from the mud and débris at the bottom 
of the lake or among the aquatic plants. Doubtless, fishes affect each other to a con- 
siderable extent by eating spawn. The perch in Lake Mendota follow the breeding 
suckers and ciscoes inshore and eat their eggs. Table 1 shows that four species eat the 
spawn of other fishes. Without doubt this number could be increased by more extended 
examinations during breeding seasons. 

The nature of the food influences the flavor of fishes, thus enhancing or decreasing 
their desirability as food for man, and some particular kinds of food seem to make fishes 
more or less palatable. One of the best food fishes in Wisconsin lakes is the wall-eyed 
pike, which feeds on fish and frogs. The pickerel is also of good flavor and likewise eats 
fish, but the bowfin and gar, though they feed mostly on fish, are most undesirable for 
food. All fishes feeding largely on entomostracans or insects (and which attain suffi- 
cient size to be eaten) are of good flavor. Feeders on vegetation or mud are in general 
less desirable than carnivorous or insectivorous species. 

Little is known concerning the amount and variety of food required by fishes. 
Piitter (1909) did some work along this line, and rations on which certain species 
thrive have been worked out in hatcheries, but there is no general satisfying knowl- 
edge concerning the amount of food required, the variety necessary, the value of differ- 
ent kinds of foods for metabolism, the rate of digestion, the percentage of foods digested, 
and other matters relating to the value of foods. 

In its broad relations the matter presented in this paper is preliminary to more 
important studies which should be made on the food requirements of fishes. The prob- 
lem for the fish culturist and scientific investigator involves work in a number of differ- 
ent fields. The food and feeding habits of fishes must be thoroughly known. The 
work of Forbes and that presented in this paper contribute in this connection to a knowl- 
edge of the fishes in the United States. Another line of investigation must be in 
the chemical nature of foods. Studies are now being carried out by the Wisconsin 
Geological and Natural History Survey in which adequate quantities of different species 
of aquatic organisms are being analyzed. It will also be necessary to determine many 
things relating to the general metabolism of fishes—amount of food necessary, kinds of 
food necessary, rate of digestion and assimilation, what proportion of food eaten is 
digested, ete. When all these things are known, it will be possible to ascertain definitely 
why fishes thrive on certain kinds of foods and fail to do so on others. It will also be 
possible to prescribe proper rations with some confidence. The recent work on the 
etiology of beri-beri'and the illuminating researches of McCollum and Davis (1915) on 
the causes of growth open up new possibilities. These investigators have made very 
exact determinations of the substances and amounts necessary for proper rations, and 
the methods employed may be applied to fishes with profit. 
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But the day when we shall know enough to figure out proper rations is far in the 
future, and in the meantime every effort should be made to find better foods for growing 
fishes. ‘There is no reason why we should feed flour and liver forever without knowing 
why. ‘The recent work of Atkins (1908) in which trout were reared on fly larve is very 
suggestive and should be extended. ‘There is no reason why other “‘natural” foods 
should not be fed to growing fishes in hatcheries. Entomostracans are easily collected 
in quantities with a pump or tow net. At some hatcheries (Lyell, 1902) they have been 
collected at intervals and fed to fry with good results. There is no reason why insect 
larve, snails, amphipods, earthworms, and other abundant living foods should not be 
more generally collected or reared as food for young fishes. 


TABLE 1.—SUMMARY OF FisH Foops. 


[All figures concerning food mean percentages by volume. In the ‘‘habitat’’ column the significance of the numbers is as 
follows: 1, aquatic vegetation along shore; 2, sand and pebble beaches; 3, rock beaches; 4, bottom of lake everywhere; s, 
surface of lake along shore; 6, surface of lake everywhere; 7, open lake; 8,swamp; 9, mouths of sireams; ro, river; 11, small 
ponds; and 12, small streams. ‘These numbers refer to places where collections were actually made; not to the habitats as 
indicated by the food. The habitats occurring with the greatest frequency are placed first.] 


Name. 
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@ Total number of fishes examined, 1,576: ‘Toad eggs, 0.3; fishes, 13.5; insect larvae, 24.8; insect pup, 6.3; adult insects, 5.2; 
el o.s; large Crustacea, 13.3; Entomostraca, 19.1; Mollusca, 2; Oligochetes, 3.5; leeches, 0.4; rotifers, 0.2; plants, 4.2; 
ris, etc., 2.6. 
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TABLE 1.—SUMMARY OF FisH Foops—Continued. 
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TABLE 1.—SUMMARY OF FisH Foops—Continued. 
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Amiatus calva 
Ameiurus melas. 
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TABLE 5.—VARIATION OF Foops AT DIFFERENT PLACES AND TIMES, IN COLLECTIONS MADE DuRING 


1915. 


Species. 


Abramis crysoleucas. .. . 
Ambloplites rupestris.... 


Ameiurus nebulosus. . 
Amiatus calva........ 
Boleosoma nigrum 
Catostomus commersonii. 
Cottus ictalops........... 
Cyprinus carpio 
(sox iticitis ssn sscn es ceeae ee 
Etheostoma flabellare 
Etheostoma iowe.. 
Eucalia inconstans. . . 
Eupomotis gibbosus...... 
Fundulus diaphanus me- 
nona. 

Labidesthes sicculus...... 
Lepisosteus osseus.. fe 

Lepomis incisor. ... 


Micropterus dolomieu. .. . 
Micropterus salmoides.... 


Notropis heterodon...... 
Perca flavescens.......... 


Percina caprodes......... 
Pimephales notatus...... 


Pimephales promelas..... 
Pomoxis sparoides, 0 

Roccus chrysops.. 
Salmo irideus..... ie 
Salvelinus fontinalis...... 
Schilbeodes gyrinus...... 
Schizostedium vitreum. . 

WGmbrayonis ene ees. 


.| Cladocera (2), Hyalella, Cyclops 


ial Crayfish, 


.| Chironomid 
.| Chironomid larve, Hyalella. . 


_| Chironomid larv (2), Chydorus, fine 


Chief items of food eaten. 


Crayfish (5) May-fly nymphs, oligochetes, caddis-fly larvze, chiron- 
omid larve (3), chironomid pupz (2). 

Chironomid larve, caterpillar snails, oligochetes.................... 
pee adult insects, amphipods.............. 

fish remains (2).............. 
Chironomid larv (8), oligochztes (3). . 
Chironomid larvz, Ostracods, Cyclops (2). 
Hyalella (10), Dikerogammarus................6-0005 
larve, Ostracods, Hyalella, plant remains. 
enyaleliat() phisinretrininis i eemccinse-tecinessise ne encore 


Hyalella 


Toad eggs, Sialis larve, chironomid larve, Hyalella, ‘eratophyllu : 

Chironomid larvz (5), amphipods (4), Ostracods (2), oligochztes, 
cladocera, fine débris. 

Chironomid pupa (s), Cladocera (2), Chironomid adult (2) 

Fish remains 


-| Chironomid lary (6), amphipods (3), chironomid pupz (2), snails, 


fine débris, Aphanothece, copepods, cladocera. 

Insect larve (2), fish remains, adult imsect .......-......00-00 ee eee es 

Adult insects (4), amphipods (2), copepods, cladocera, fish remains, 
insect larve, plant remains, crayfish. 

Chironomid larve (2). copepods (2), cladocera (2), chironomid pupz, 
chironomid adult, oligochztes, filamentous alge. 

Hyalella (3), cladocerans (3), insect larvae (3), insect adults, fish 
remains. 

Chironomid ary cei (5) tse es cic «alate olclnelcfaista'a ales eels) ateatsietelsiatsiaia ; 

Filamentous alge (3), oligochetes, chironomid larve, chironomid 
adult, cladocerans, fine débris. 

Chironomid LEVIN oheca pondcene obononooupcooonpoonpnoranoncosearontinoan 

Fish remains, chironomid pup, adult insect, Ostracods, daphnia. . 


ee Copepods (a): chirnomid larve, insect adult, fish remains, cladocera. 
Ml Aart ps FatpO Sectors are icici tele aioe tole |aa'a/alarelele\s elelalavarsia(e ele) sfeleie/elelelelst<hlelsieimstate 


Chironomid pupz, amphipods. 

Insect larve (2), adult insect, amphipod: 

Fish remains (2), fish, and frogs HNO oOuObA aE Aese SON sano diab oon Vans 

Ostracods (2), amphipods (2), chironomid larve (2), earthworm, 
plant remains. 


Number 


localities. 
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Number | Number 


times col-| of chief 
lected. foods. 

4 3 
13 6 
4 4 
4 3 
3 2 
II 2 
4 3 
II 2 
4 4 
II 2 
3 2 
2 I 
5 3 
5 5 
14 6 
9 3 
3 I 
17 8 
4 3 
15 8 
10 7 
Ir 5 
4 2 
10 6 
I I 
Io 5 
7 5 
I I 
2 2 
6 5 
3 2 
8 5 
215 117 
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TABLE 6.—NUMBER OF SPECIES OF FISHES FOUND IN DIFFERENT HABITATS AND THE CHIEF ITEMS OF © 
Diet EATEN IN EACH IN 1915. 


Number 
Habitat. of spe- Chief items of diet, and number of species eating each, 
cies. 

Shore vegetation <2 2 ven ,. «cn ceewce sa 22 | Dipterous larve, 5; fish, 4; cladocerans, 4; adult Hemiptera, 2; copepods, 2; 
dipterous pup#, 1; ephemerid nymphs, 1; gastropods, 1; amphipods, 1; 
ostracods, 1. 5 

Sand and pebble beaches............ II siete larve, 4; adult Hemiptera, 2; amphipods, 2; cladocerans, 2; cope- 
pods, 1. 

Mouths of streams. ..........:0+.00+- 11 | Dipterous larve, 4; cladocerans, 3; ephemerid nymphs, 1; adult Hemiptera, 
1; amphipods, 1; copepods, 1. 

Riveras acs comcmenintr nae evnisce sey 7 | Dipterous larve, 3; fish, 1; adult Hemiptera, 1; amphipods, 1; cladocerans, 1. 

Sinall'atreams? sf cecsnonankes chess 7 eevee larvee, 2; amphipods, 2; dipterous pupe, 1; cladocerams, 1; ostra- 
cods, 1. 

Shore Ponds) Fess cae de sce ssheeeepece 3 | Dipterous larve, 2; ostracods, 1. 

WHINE. ceacin sce citene 2 | Cladocerans, 1; ostracods, 1. 

Rocky beaches........ 2 | Amphipods, 2. 

Bottom anywhere....... 2 | Amphipods, 1; copepods, 1. 

Surface of shore water nore 1 | Cladocerans, r. 

Surface of open lake................. 1 | Copepods, r. 


ae 
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